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These two important facts should influence 


your choice of microprocessor supplier: 


Fujitsu was the first vendor to implement 
the SPARC™ RISC architecture and has 
been shipping RISC products in volume 


since 1986. 


Fujitsu’s Gyicro family of 32-Bit CISC 
microprocessors based on TRON architec- 
ture will offer performance nearly double 
that of the 32-Bit MPUs currently on the 


market. 


In addition to the experience and leading 
edge technology one expects of Japan’s 
largest computer company, and the world’s 
No. 1 ASIC supplier, Fujitsu also offers 
choice—real choice in the form of a full 
range of microprocessor and controller 


products. You can choose from: 


@ 4-Bit CMOS microcontrollers 


@ 4/8-Bit CMOS F°MC™ flexible 


microcontrollers for tailor made solutions 


@ 8/16-Bit microprocessors and peripherals 


To find out more about the Fujitsu range 
and about development support and 
training, call or fax your local Fujitsu office 


now for a free copy of their latest 


microprocessor selector guide—then make 


your choice. 


MICROPROCESSOR TELECOM GATE ARRAY DRAM DSP MICROPROCESSOR 


ITALY: Fujitsu Microelectronics, Italia S.R.L., Centro Direzionale Milanofiori, Strada 4— Palazzo A/2, 20094 Assago (Milano). Phone: (2) 8246170/176. Telex: 318546. Fax: (2) 8246189. 
BENELUX: Fujitsu Mikroelektronik GmbH, Europalaan 26A, 5623 LJ Eindhoven, The Netherlands. Phone: (040) 447440. Telex: 59265. Fax: (040) 444158. SCANDINAVIA: Fujitsu 


Microelectronics Ltd., Torggatan 8, 17154 Solna, Sweden. Phone: (8) 7646365. Telex: 13411. Fax: (8) 280345. UNITED KINGDOM: Fujitsu Microelectronics Ltd., Hargrave House, 
Belmont Road, Maidenhead, Berkshire SL6 6NE. Phone: (0628) 76100. Telex: 848955. Fax: (0628) 781484. 


SPARC is a registered trademark of Sun Microsystems, Inc. TRON = The Real Time Operating systems Nucleus. 
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DSP GATE ARRAY DRAM TELECOM SRAM EPROM 


WEST GERMANY: Fujitsu Mikroelektronik GmbH, Lyoner Strasse 44-48, Arabella Center 9. OG 6000 Frankfurt 71. Phone: (069) 66320. Telex: 411963. Fax: (069) 6632122. 
SOUTH GERMANY: Fujitsu Mikroelektronik GmbH, Carl-Zeiss-Ring II, 8045 Ismaning. Phone: (089) 9609440. Teletex: (17) 897446. Fax: (089) 96094422. SOUTH WEST 
GERMANY: Fujitsu Mikroelektronik GmbH, Am Joachimsberg 10-12, 7033 Herrenberg. Phone: (07032) 4085. Fax: (07032) 4088. FRANCE: Fujitsu Microelectronics, Immeuble Le 
Trident, 3-5, Voie Félix Eboué, 94024 Creteil Cedex. Phone: (1) 42078200. Telex: 262861. Fax: (1) 42077933. 
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The VME Volksclosure. | 
$995. Ready to Run. 


Finally. The economies of mass production catch up You do get achoice between two multiple-output power 
with VME and Multibus Il enclosures. supplies: 190 Watts with 19A at + 5V or 270 Watts with 

Introducing the Volksclosure, Electronic Solutions 30A at + 5V. You can also choose a J2 backplane for VME 
economy model enclosure with turbo performance. All extended addressing or iLBX II for a Multibus II system. 
you dois add cards and peripherals for a complete, Most important, while the Volksclosure costs less, you 


attractive desktop computer. 
With the Volksclosure (also known 


dont get less. It fully reflects Electronic 
Solutions’ commitment to quality and 


as our Model One) everything comes performance. For example, YEg 

standard: six VME or Multibus II slots, it meets UL and CSA A 
space for three half-height 51/4” disk safety standards and : 
drives, and a high-performance FCC Class A EMI/RFI Iu 


six-layer backplane all in a highly 
tooled enclosure with our handsome 
front panel that hides those ugly 
connectors and cables. 


Well FAX you the facts 


Want the latest data in a hurry? Nothing is faster 
than Electronic Solutions’ new ‘‘FAX the FACTS”’ 
program. If you have a FAX machine, just call our 
‘“800"’ number, give us your FAX number and 
type of FAX machine, and the information you 
need from us. We’ll FAX it to you immediately. 


specs to the letter. 

The New Volksclosure. How 
to get alot more mileage from your 
packaging budget. Call right now 
for complete details. 


UNIT OF ZERO CORPORATION 


6790 Flanders Drive, San Diego, CA 92121 - (619) 452-9333 Telex II(TWX): 910-335-1169 


Call Toll Free: (800)854-7086 In Calif: (800)772-7086 
Circle No. 113 


As if you didn’t have enough 
reasons already. 

Our Series 50 Data Logger is a 
fraction the size of most other data 
loggers. Considerably less expen- 
sive. Completely portable. 

And now, as you can see, 
Series 50 not only gathers data, it 
explains it. 

You can plot from one to 
sixteen variables at a time. Divide 


the width of the page into one, two 


or four segments, with multiple 
variables in each. 

If conditions change, Series 50 
can be programmed to change the 


plot with them. For instance, it can 


switch to higher resolution and 
time-stamp data with messages | 
during alarm conditions. And it 
does all this on its own, no 
computer needed. (On the other 


© Copyright 1989 Wavetek Corporation 


buy our Data Logger. 


hand, it can also be controlled by a 
computer via IEEE-488 or RS-232.) 

Series 50 will plot bar graphs 
next to numerical data. Create 


Circle 116 for Literature 
Circle 117 for Demonstration 


min/max plots. Or generate x-y 
graphs from stored data. 

Speaking of stored data, Series 
50 can keep up to 100,000 readings 
in memory. Which is a good thing, 
because with four independent 
A/D converters and up to 260 
channel scanning capacity, you 
could be gathering plenty of data. 

Data such as temperatures 
(6 thermocouple types and RTDs), 
AC/DC volts and current, resis- 
tance, frequency, time period, pulse 
width and more. 

If our plot is working, you'd 
probably like to know more about 
the Series 50 Data Logger. Just 
phone (619) 279-2200. We'll be 
expecting your call. 


Improve your 


motor skills. 


Siliconix’ new 
system solution 
for more efficient 
motor control. 
Combine an 
Adaptive 
MOSFET 


Driver with 
Fast t MOSFETs. 


The Siliconix $i9910 
Adaptive MOSFET Driver 
and new Fast t,, MOSFETs 
optimize system efficiency. Used 
in tandem they provide circuit 
protection and logic interface in off-line motor applications. 
This unique CMOS-compatible solution for variable-speed 
motor control significantly improves system performance. With 
five circuit protection features and lower power losses, the 
combined system results in higher reliability, smaller size, lower 
cost and reduced design time. 


% 


The Si9910 and Fast t,, 
MOSFET family: system 
solutions for more efficient 
off-line control in motor 
drive and power supply 
applications such as major 
appliances, fans and blowers, 
industrial controllers, 


automobiles, power hand 
tools and UPS. 


Improve your motor skills! Ask for your Si9910 and Fast t,, 
Motor Control Design Kit. Call our toll-free hot line now! 


1-800-554-5565, Ext. 946. 


FJ Siliconix 
incorporate 


2201 Laurelwood Road, Santa Clara, CA 95054 © 1989 Siliconix inc. 
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On the cover: Manufacturers offer a 
wide range of voltage references to suit 
various environments. Keep in mind the 
characteristics that are vmportant to 
your particular application when you 
make your choice. See the Special 
Report on pg 120. (Photo courtesy 
Analog Devices Inc) 
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SPECIAL REPORT 
Voltage references _ 120 


Although seemingly mundane, voltage references play an 
important role in a wide range of applications. Manufacturers offer 
a variety of types from which to choose, but choose carefully and 
with an eye to what’s important for your application.—Dave Pryce, 
Associate Editor 


Measuring the cost of quality: 59. 
German engineering at the crossroads 


This article is the first in an occasional series that will examine 
the electronics-engineering profession in Europe. This installment 
describes how German electronics engineers, in an effort to become 
more competitive, try to keep quality high while reducing costs. 
—Gary Legg, Special Projects Editor 


DESIGN FEATURES 


Designer’s guide to flash-ADC 133 
testing—Part 2 


By testing your flash A/D converter, you can ensure that it’s 
faithful to all the specifications listed on its data sheet. Part 2 of 
this 3-part series presents a number of methods, including sine- 
wave curve fitting and the FFT, that you can use to test flash 
converters.—Walt Kester, Analog Devices 


Basic principles and ingenious circuits 151 
yield stout switchers 


A substantial percentage of power supplies are step-down 
regulators. Although the theory of step-down, “buck” switching 
regulators is well established, myriad practical details, if 
mishandled, can spoil the theory’s pristine beauty. Luckily, 
convenient, easily applied switching-regulator ICs have recently 
become available.—Jim Williams, Linear Technology Corp 


Continued on page 7 
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* The world’s fastest CMOS PLDs 
are the keys to your high performance design. 


The leader in CMOS PLDs has 
done it again. Lattice’s new 10ns 
GALI16V8A and GAL20V8A devices 
are the fastest on the track. With 
power consumption only one-fourth 
to one-half that of bipolar PLDs. 

If you need higher functional 
integration, test drive our 15ns 
GAL22V10. It’s the fastest user- 
programmable 22V 10 available. 

As if our superior speed/power 
product were not enough, our univer- 
sal GAL® architecture makes conven- 


GAL isa registered trademark of Lattice Semiconductor Corporation. 


E2CMOS is a trademark of Lattice Semiconductor Corporation. 
PAL is a registered trademark of Advanced Micro Devices, Inc. 
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tional PAL® devices—and huge 
inventories—obsolete. The 16V8A 
and 20V8A can replace 42 standard 
PAL devices. 

Best of all, you know you've got a 
winner before you ever use a Lattice 
GAL device. Our proprietary electri- 
cally erasable CMOS (E?CMOS") 
process lets us repeatedly test every 
characteristic before we ship the part. 
Which means 100% programming 
yields. Less board rework. And better 
system reliability. 


Make sure your high-performance 
design has all the right parts. Get the 
fastest CMOS PLDs available. Only 
from Lattice, the leader in CMOS 
PLDs. 


Lattice 


Semiconductor 
Corporation ™ 
5555 N.E. Moore Ct. ¢ Hillsboro, OR 97124 


Inventors of the E7?CMOS PLD™ 


Circle 47 for Literature Copyright © 1989, Lattice Semiconductor Corporation. 
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TECHNOLOGY UPDATES 


Token-ring boards: 65 
Standard efficiently allocates channel use 


Expect token-ring LANs to become more popular beyond IBM 
installations because of the benefits they offer compared with 
Ethernet networks. Speed, reliability, and improved bandwidth 
performance are a few reasons token-ring boards are expanding 
their realm of applications.—Maury Wright, Regional Editor 


“~ 


You can expect to see more token-ring : _ a ott ° 
ia a Optical-character-recognition software: 77 
availability of faster boards is one Inexpensive software reads printed material 


reason why (pg 65). Finally there’s a worthwhile alternative to the time-consuming 


and tedious task of keying data and text into your personal 
computer by hand. Recently introduced, inexpensive software— 
optical-character-recognition packages—can accurately transform 
the printed output of high-resolution optical scanners into an ASCII 
file in your computer. —Charles H Small, Senior Editor 


CASE for embedded systems: 95 
New software tools speed design and debug 


To avoid extensive redesign tasks, you must maintain a delicate 
balance between software and hardware development when 
designing for embedded systems. Four new computer-aided- 
software-engineering (CASE) packages, however, may simplify 
and speed the process. And unlike structured-analysis packages 
for batch-processing systems, these new tools concentrate 
specifically on code writing, debug, integration, and performance 
evaluation.—Margery Conner, Regional Editor 


EDN magazine 
now offers PRODUCT UPDATES 
Express Request, 
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to retrieve product 


information by DESIGN IDEAS 
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K’°VE DECIDED 
TO CHANGE 


THE RULES. AGAIN. 


In just three short years, Conner Peri- 
pherals has earned a unique reputation as a 
company that responds to its customers with 
speed and innovation. With products that 
don’t just follow the standards, but set them. 


It began with a request for smaller, 
more capable storage for portable and desk- 
top PCs. Conner responded with the first 
high-performance 3.5-inch Winchesters. 
Then it was the first 1-inch high, low- 
profile drives, which turned laptops into 
serious business machines. 


Today, Conner is prepared to deliver its 
third wave of innovative disk drives to its 
customers. Drives that, once again, change 
the rules. 


Kato Series. Conner presents the first 
drive of the third wave. Our first pocket- 
sized disk drive, the 2.5-inch Kato repre- 
sents a new standard for the emerging note- 


© 1989 Conner Peripherals, Inc. 


book PC market. Providing 20MB of low 
power storage in an ultra-small, ultra-light, 
completely portable package. 


Stubby Series. These entirely new 20 and 
40MB quarter-height drives let designers pack 
their new laptop and notebook designs with 
desktop performance inside a reduced space. 
All, while Operating at a cool 1.5 watts. 


Hopi Series. In its 120MB configuration, 
Hopi becomes the industry’s highest Capacity 
l-inch height drive. And the new standard 
for upgrading the storage Capacity of today’s 
premium laptop designs. 


Lighter. Faster. Cooler. Thinner. 
Shorter. Conner has helped its custom- 
ers to change the rules. Again. The next 
generation has begun. Call Conner and 
find out what Casamr 
we have in store uwviwsiie 


for you. THE TH RR D WAVE 


World Headquarters: 3081 Zanker Road, San Jose, CA 95134, Telephone: (408) 433-3340 FAX: (408) 433-3303. Sales Offices: Boston: (508) 660-1088 Dallas: (214) 680-2913 
Los Angeles: (714) 455-2777 San Jose: (408) 433-3340 Singapore: (65) 2845366 Taipei: (886) 2775-4352 Tokyo: (81) 3-597-8321 European Headquarters: (49) 89-811-2097 
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Innovation, in addition to developing new things, involves 
developing your imagination. 
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Its an 
Analog 
World. 


Ultimately, all circuits are analog 
circuits. That’s why you should 
step into the analog EDA world of 
Mentor Graphics. 

Here you will find advanced design 
automation that guarantees high quality 
results. Gets you to market sooner. And 

still leaves you time to explore 
creative alternatives. 
Start with AccuSim}” 
robust analog simulator that 
consistently converges toa 
correct result—even on designs 
containing thousands of transistors. 

Then turn to AccuParts™ This library 
of more than 2,400 discrete and integrated 
components includes a large selection of 
European and Pacific Rim parts. In fact, 
AccuParts is the most complete and accu- 
rate analog library available. 

With AccuSim and AccuParts, you 
also enjoy full integration with the far- 
reaching Mentor Graphics suite of EDA 
tools. So you have direct links to logic 
simulation, IC and PCB layout, thermal 
analysis and more. 

AccuSim and AccuParts draw you into 
a design environment that is analog at its 

core. So you can depend on the world’s 
EDA leader to keep providing the tools 
and support you need. 

For a brochure on the Mentor Graphics 
analog world, dial this digital, toll-free 
number: 1-800-547-7390. 
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The first computer graphics were created by these Each 2.5 x 215 cm section has a whopping 1360 possible digits Users | The Selectron tube had 
cards designed for use on the Jacquard loom in the of paper tape were probably the first to pray for a paperless office. random access to 256 bits 
late 18th Century. | of storage with a cycle 


time of a mere 20ms. 


up with 


Kee 


\ 
with AMDS fast 


Special thanks to The Computer Museum, Boston. © 1989 Advanced Micro Devices, Inc. Product or company mentioned herein may be trademarks and/or registered trademarks of their respective companies. 
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IBM® used 64 of these core memory planes in the 
1958 SAGE. 


Now that you have your hands on that 
bat out of Hell microprocessor dont let old mem- 
ories turn your design into a nightmare. 

All our CMOS EPROMS are the fastest in 
their class. And we have the widest range of den- 
sities. From our 55ns 64K device to our 1OOns 
2Mb device. In a configuration that matches any 


This disk is one of six from a 1956 IBM 1316 
disk pack which stored 2 million bits and 
accessed data at an astonishing 250ms. 


the future 
CMOS EPRO 


AMD%s5 100ns 2Mb CMOS 
EPROM is 200000 times 
faster and stores the same 
amount of data as over 8000 
Selectron tubes in under 
one centiliter 


system. Like the one youre designing. 

And theyre all in power-saving CMOS. 

No one makes and sells more CMOS 
EPROMs than AMD. Theyre ready, in volume, at 
prices that wont put bugs in your budget. 

Just contact us to find out how AMD can 
make wait states a mere memory for you. 


Advanced Micro Devices c\ 


For more information write "CMOS EPROMS” on your letterhead and mail to: (In Europe) AMD Mail Operations, P.O. Box 4, Westbury-onTrym, Bristol BS9 3DS United Kingdom (In Asia) Advanced Micro Devices Far East 
Ltd.. Rm. 12012 Harcourt House, 39 Gloucester Road, Hong Kong, Attn: Andrew Ng. (In Japan) Advanced Micro Devices Japan Ltd., Shinjuku Kokusai Bldg. 6-62 Nishi-Shinjuku, Shinjuku-ku, Tokyo 160, Japan. 


EDN January 18, 1990 


CIRCLE NO. 50 13. 


14 


Celebrating The New Profile 


Introducing the FlatPAC™... Vicor’s 
Family of User Definable, Multiple 
Output, Switching Power Supplies 


Until now, your power system decision meant 
choosing between costly and unpredictable custom 
development, or bulky and inflexible catalog sup- 
plies...or you had to design and manufacture it 
yourself. Taking the next step in the power- 
component revolution, Vicor introduces FlatPAC, the 
user-definable, “off-the-shelf” alternative to customs 
that’s economical from single units to OEM quanti- 
ties...and which fits in a fraction of the space 
required by conventional off-line supplies! 


The Off-The-Shelf Alternative 


FlatPAC’s unique modular design allows Vicor to 
provide next day delivery on over 10,000 different 
FlatPAC configurations. You define 
your power requirements... 
Vicor does the rest — 
while eliminating the non- 
recurring costs, unpredict- 
able lead times, risk, inflexibil- 
ity, and reliability uncer- 


tainties associated with conventional solutions. 

No other power product offers FlatPAC’s combina- 
tion of power density, economy, and “off-the-shelf” 
flexibility! 


Power Cells 


Sharing a distinctive, space saving flat package 
profile (1.37” high x 8.6” long), FlatPACs come in 
widths of 2.5”, 4.9", and 7.4”, and supply up to 200, 
400, and 600 Watts of total output power...an un- 
precedented 7 Watts per cubic inch in an off-line 
switching power supply! 


The three different packages provide one, two, or 
three user definable “Power Cells”. Each Power Cell 
may be specified to be an independent, isolated out- 
put with a power rating of 50, 75, 100, 150, or 200 
Watts, or cells may be combined to form higher 
power outputs...up to 600 Watts from a single out- 
put. Standard output voltages are 5, 12, 15, 24, and 
48 Volts — and because all 
FlatPAC outputs are field 

trimmable down to 

zero and up to 110% 

of nominal, a stand- 
ard output can likely 
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take care of even your most unusual voltage require- 


ments. For special requirements, outputs as low as 
2 Volts, and as high as 95 Volts can be provided. 


And you don’t give up features to get FlatPAC’s 
advantages: besides being trimmable, all FlatPAC 
outputs have remote sensing and overvoltage and 


overcurrent protection. Individual FlatPAC outputs © 


are totally isolated: there are no cross regulation 
issues; any output can be positive or negative; and 
output returns can float up to 500V, rms, apart. 
FlatPAC’s run on either 110 or 220 Volt lines, 

meet “Class A” interference specs, have built in 
fusing, and conform to UL, CSA, and TUV safety 
agency requirements. Two and three cell units also 
provide two isolated, sequenced, logic outputs to 
indicate pending loss-of-line and pending loss-of- 
output for system housekeeping during power 
cycling or brownouts. 


The key to FlatPAC’s flexibility and power density 
is Vicor’s VI-200 family of high density, high effi- 
ciency, UL, CSA, and TUV recognized, component 
level DC-DC converters. When you specify a 
FlatPAC, you benefit from the field reliability and 
predictability that’s been established in an installed 
base approaching half a million units. 
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Switchers. 


Join The Celebration Now 


Call Vicor now to discuss your special 
needs... you'll be celebrating when you find how | 
quickly Vicor can ship you the smallest, most effi- 
cient, most cost effective solution to your power 
system requirements...at prices as low as 85¢/Watt 
in OEM quantities. 


To Receive A Complete Catalog, Including 
Information On Vicor Products, Applications And 
Accessories, Call Vicor Today At (508) 470-2900, 
23 Frontage Road, Andover, MA 01810. 


Component Solutions For Your Power System 
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Motorola 
is taking off 


a ECIyPS 


ECL with the shortest gate delays ever: 


ECLinPS is the low-fare, hypersonic ECL 
that shatters the price/ performance barrier. 
Now fully qualified, ECLinPS is typically 
over 300% faster than previous ECL logic— 
at the same power level or less. 

How fast? ECLinPS sets new perfor- 
mance standards with internal gate delays 
of just 100 picoseconds, and pin-to-pin 
delays of 330 picoseconds. Shorter gate 
delays are nearly impossible to measure. 

And just as importantly, ECLinPS flies at 
800MHz toggle rates to reach the bound- 
aries of high frequency performance. 


GaAs speed at a fraction of the cost 
ECLinPS has the best performance cost 
ratio in the industry. Better than GaAs. 
Better than specialized ECL. And it’s avail- 
able now from the world’s leader in ECL. 
Making ECLinPS a much more logical 
logic for the long haul. 


Speed without power penalties 

For an equivalent function, ECLinPS is 
typically 300% faster than 100K ECL. Yet 
ECLinPS operates on about half of the sup- 
ply current, at an average dissipation of just 
0.5 W. So you can design for maximum 
speed but remain within practical air cool- 
ing design boundaries. 
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100 picoseconds. 


Choose your function and features 

The ECLinPS logic family has expanded, 
now including some 30 circuits, with more 
under development. Applications? Super- 
computers, minisupers, high-end work- 
stations, advanced instrumentation, high 
performance ATE and digital communica- 
tions. Anywhere speed and price make a 
difference. 


~ Selected ECLNPS Functions 


# Function min/max 
E016  =8-bit Synchronous Counter = 700MHz 
E101 Quad 4-Input OR/NOR Gate 500ps 
E111 ~—‘1:9 Differential Clock Driver 100ps skew* 
E112 Quad Driver 700ps 
E116 —5-bit Diff. Line Revr. 500ps 
E131  4-bit Flip-flop 800 MHz 
E141 _—8-bit Shift Register 700 MHz 
E241 _—_8-bit Scannable Register 700 MHz 
E151 ~—‘6-bit D Register 800 MHz 
E156 = 3-bit 4:1 Mux-Latch 950 ps 
E163 =. 2-bit 8:1 Mux 850 ps 
E451 _—6-bit Diff. Register 800 MHz 


*within-device skew 


- 


(MA) MOTOROLA 


Name 
Title 
Company 


Address 
EC2Z:PS 


DEVICE DATA City 


Country 


Packaged for performance 
Available in 100K or 10OKH compatible 
versions, ECLinPS is packaged for 
affordable performance. Its standard 28- 
lead surface mount PLCC helps keep 
noise to a minimum and eases design 


through multiple VCCO’s. 


Your designs take off with ECL“PS 
Design ECLinPS speed into your applica- 

tion. Product and data books are available 

now—just the ticket for a flying start. 


For ECLinPS 

Logic information Winn er ¢f ariiag 
; 1988 Quali 

call or write to focanruas 

your Motorola 


Sales Office. 


FY 


(AA) MOTOROLA 


Write To: Motorola Ltd., European Literature Centre, 88 Tanners Drive 
™ Blakelands, Milton Keynes MK14-5BP, United Kingdom 
Please send me more information on Motorola ECLiPS. 


411EDN011890 


L 


1i 


“Tf all VXI systems 
are equal, how can 


one add up to faster 
test development?” 


It’s simple. By combining 
advanced VXI hardware, a 
powerful system language, 
and a common human inter- 
face, HP really puts your test 
development in motion. 


Start with the hardware. 

HP 75000* Series B and C 
mainframes and modules give 
you a broad selection of price 


and performance options. So 
you can tune a system to your 
needs in minimal time. 


Then, the open Test & Mea- 
surement System Language 
(TMSL) lets you speed through 
test development as never 
before. It’s a standardized 


a 


CROS ive Teg? Geeee ater ad 


instrument language that 
insures compatibility with 

all HP 75000 modules, as well 
as other common system 
instruments. And it gives you 
a migration path for the future. 


When you add the mouse- 
driven HP Interactive Test 
Generator software (HP ITG) 
to the equation, you really 
take off. Virtual front panels 


United Kingdom (0734) 777 828 * Germany (06172) 400 1634 * France (1-60) 77 42 52 « Italy (02) 92 10319 


18 
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©1989 Hewlett-Packard Co. TMLID936/F 


save time. Select a function Line in The Netherlands at 
by clicking the mouse and (31) 20 809 809. You may also 
HP ITG sends the rightcom- — write to Hewlett-Packard, 


mand to the right module Henk Van Lammeren, P.O. 
automatically. With pop-up Box 999, 1180 AZ Amstelveen, 
windows and pull-down The Netherlands. 

menus, the interface is simple 

and speedy. There is a better way. 


So don't waste time. Call one 


*The HP 75000 VXI is part of HP’s Measurement of the countries listed below Kip H EW LE T : 
System Architecture. or our International Service PACKARD 


¢ Singapore (65) 272 6677 * Taiwan (886-2) 717 9609 * Hong Kong (852-5) 848 7070 * Korea (82-2) 784 2666 
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~ No two alike. 


While HP’s high-performance plastic 
optocouplers may all look alike, the 
similarity is only skin deep. 


Because with five complete lines of 
plastic devices, there’s clearly more to 
our optocouplers than meets the eye. 


Like a wide variety of single- and 
dual-channel devices that provide you 
with an equally wide range of per- 
formance options. 


Such as an innovative dual-channel 
design that combines a photon-emit- 
ting diode with a high-speed photon 
detector to produce data rates up 
to 40 MBad. 


20 


You also get high-output gain from 
low-input current or high-speed logic 
gates. Wide Vcc from 4.5 to 20 volts. 
And a unique AC/DC interface. 


Plus they’re compatible with TTL, 
STTL, LSTTL and, in many cases, 
CMOS logic families. 


All of which makes HP’s optocouplers 
the ideal solution for problems caused 
by ground loops and induced com- 
mon mode noise. 


Best of all, they’re from HP. So 
you're assured of our commitment 
to excellence in service, support 
and reliability. 
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Which, come to think of it, is the one 
thing that makes all our optocouplers 
exactly alike. 


To find out more about HP’s opto- 


couplers, call 1-800-752-0900, ext. 
644G. And see why looks aren’t 


everything. 
There is a better way. 


©) packaro 
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EDITED BY JULIE ANNE SCHOFIELD 


SINGLE-BOARD COMPUTER COMBINES 16-BIT .»P AND FORTH 
Take a Motorola 68000 pP and combine it with 64k bytes of battery-backed RAM; 

a battery-backed real-time clock; parallel ports for a printer, a keypad, and an LCD; 
two serial ports (one a multidrop RS-485); and an extended 32-bit version of the 

- Forth-83 development environment burned into ROM, and you have the $295 SBC68K ~ 
single-board computer from Vesta Technology Inc (Wheatridge, co, (303) 422- -8088). 
The board measures 8 x4 in. and requires 650 mA from a 5V power supply. You can 
plug as much as 128k bytes of RAM and 256k bytes of ROM into sockets on the 
board, which also incorporates an EPROM programmer.—Steven H Leibson 


ETHERNET INTERFACE CONTROLLER FREES CPU POWER 

The DP83932 systems-oriented network-interface controller (SONIC) from National 
Semiconductor (Santa Clara, CA, (408) 721-5000) frees your CPU from the drudgery | 
of handling Ethernet messages. The DMA device includes an AUI-compatible analog- 
interface circuit and transmit and receive FIFO buffers. It also has a content-address- 
able memory that identifies, without CPU intervention, which incoming messages : 
your system should receive. The controller can place incoming messages into system — 
memory without CPU intervention and can transmit a string of messages from 
system memory with a single command. Multiple devices can share the same memory 
space, thus passing messages from one network to another without the CPU handling © 
the message data. The device operates with system clocks as fast as 20 MHz and 
costs $55 (100).—Richard A Quinnell 


MEMORY SYSTEM PROVIDES FORMAT CHOICES 

Mass-storage systems from Hewlett-Packard (Palo Alto, CA, (800) 752-0900) can 
integrate a 5'4-in. 332M-byte or 664M-byte hard-disk drive with two additional drives 
of your choice. You can choose among DAT (digital-audiotape) drives that can back 
up 1.3G bytes of data in two hours; CD-ROM drives with access to 600M-byte data 
disks; rewritable-optical-disk drives that conform to the ISO and ANSI definitions 
for the continuous-composite format and whose cartridges can store 650M bytes of 
data; or additional hard-disk drives. All these drives communicate via a SCSI, are 
supported on the HP 9000 Series 300 workstations, and fit into two full-height 5’/-in. 
slots. The costs of the systems range from $4975 for a system with the 332M-byte 
hard-disk drive and two empty slots to $21,475 for a system with three 664M-byte 
hard-disk drives.—Michael C Markowitz _ | 


PRINTER OFFERS BRAILLE FONTS 

A modified version of Howtek’s (Hudson, NH, (603) 882- 5200) Pixelmaster color 
ink-jet printer prints raised graphics and braille fonts to provide tactile communica- 
tions for the visually impaired. Developed with the National Federation of the Blind, 
the printer uses a thermal ink jet to produce a raised dot on standard office paper. 
The ink is a plastic that the printer melts into a liquid; it solidifies when it comes 
in contact with the paper. A software program, which comes with the unit, translates 
the alphanumeric keys on the keyboard to braille fonts. The printer, which costs 
about $8000, also prints visual color graphics and text.—John Gallant | 
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OP AMPS TAKE AIM AT VIDEO DESIGNS | 

Elantec (Milpitas, CA, (408) 945-1323) has annou 
amps for video applications. The EL2423 quad 500- 
and draws 4 mA/amplifier. The op amp is stable for 
plastic DIP, the part costs $14.24 (100). The EL223 
the device integrates two current-feedback oie: 
MHz for the same power as the EL2080. The a 
and its output swings +128.5V into a 5000 ond 
offset voltage of 3 mV; a slew rate of 6O00V/psec 
to a 10V step. Prices start at $7.50 (100) for an 
packages include short-circuit. protection. —. Ad ine 


several high-bandwidth op 


ications include an | 
nsec 0.02% settling time 
astic DIP. ‘Both ‘op-amp 


CACHE RAMs OPERATE AS FAST AS 50 : pa 
A family of cache RAMs is available from. Log 
720-8630). The family comprises 16 devices: tl 1 
static RAMs (SRAMs), and seven 64k-bit SRA: 
bit (L7C180/181) or 8k x 8-bit (L7C174) organizé : 
10 nsec. You can use these devices in para) to 
wire-OR their match-output lines. a 


anyvale, CA, (408) 
: emories, six 16k-bit 
jag memories have 4k x 4- 

snal a cache hit within 
e wider : addresses and 


The SRAMs are available in 1-, 4-, and 8-bit-wid 
(L7C167), 4k x 4- (L7C168, L?C170/1/2), and 2k 
times of 10 nsec. These memories, coupled with 
system operate as fast as 50 MHz. The 64k Xx 1- (L 
L7C164/5/6) memories have access times of 12 ns 
has an access time of 15 nsec. These devices are 
styles, including DIPs and surface-mount pac. a 
(100), and SRAMs cost from $14.65 (100).—Ric! 


ri ety of package 
sou from $44.50 


MEETING TO COVER SBCs AND REAL-TIME OPI Q a SYSTEMS» 
DSP Associates (Newton, MA, (617) 964-3817) w 
computers for a variety of bus architectures an 
East Coast meeting will be March 5 to 8 at the Ms isetts Institute of Technology 
in Cambridge, MA; the West Coast meeting will be. 4 to 17 at Rickey’s Hyatt 
Hotel in Palo Alto, CA. Participating companies will include Motorola’s Microcom- 


erating systems. The 


amp slews at S50V/psec — : : 
s greater than 10. In a 14- pin 
, version of the EL2020; - a 


tes foci +15V supplies” i 7 : 


erence on single boat ee 


puter Div, Intel Corp, Force Computers, SBE Inc, and Wind River Systems. For more | ao 


information, phone Alexander Chelminsky at (617 : ) 9 54-2 3817. You can reach him 
by fax at 61'7-969-6689.—Julie Anne Schofield © 


DESKTOP-ENGINEERING CENTER OFFERS CLASSES 

You can use many general-purpose PC-based software fr packages, such as spread- 
sheets and database managers, for scientific and engineering applications if you 
know the right tricks. Binary Engineering (Waltham, MA, (617) 290-5900) recently ~ 
opened its Center for Desktop Engineering Training to help you learn some of those 


tricks. The center’s next class, which will be taught February 6 to 7, is “Engineering ' a 


Design and Analysis Using Lotus 1-2-3.” Registration for the class costs $695. The — 
company will bring its classes to your site for SOE ee mae Ony $3500 plus travel 
expenses.—Steven H Leibson 
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1024-Point FFT in 0.5ms 


Here’s the FFT runner you need to 


win the race. It’s the TMC2310 — the 


first single-chip FFT controller to be 
this fast and simple to use. 


Imagine all of these capabilities on 
one chip: Arithmetic functions, FFT 
coefficients (“twiddle factors”), even 


built-in address generation. That's why 


the TMC2310 runs forward or inverse 
transformations, or multiple equal- 
length FFTs totalling 1024 points, in 
just 0.5ms. Or a complex radix-2 


butterfly in only 100ns. The TMC2310 


executes other functions just as quickly, 
including FIR filtering and vector 
operations. Even data windowing is 
included without impact on either 
performance or price. 


Better still, no development system 
is required. The TMC2310 jumps into 
action with just two 13-bit control 


words. It’s so simple. No complex, 
bit-slice, microcode-intensive building 
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blocks. No chip sets to contend 
with either. 


You can qualify for a FREE sample. 
Just tell us about your application 
and we'll send you a TMC2310 to 
run in your system. You can build a 
complete spectrum analyzer with the 
T™{C2310, our new 12-bit ADC 
(THC1200 Series), our TDC1012 DAC 
and external data and window 
memories. Be a winner. Try the 
T™IC2310. Available now 

in 88-pin plastic 
pin grid array 
(PPGA) from 
TRW LSI 
Products or 
your nearest 
Hall-Mark or 
Hamilton/ Avnet 
location. 


TRW LSI Products — Bringing the worlds 
of Data Acquisition and DSP together. 
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TRW LSI Products Inc. 
P.O. Box 2472, La Jolla, CA 92038 
619.457.1000 


In Europe, phone: 

TRW LSI Products Inc. 
Munich, 089.7103.115; 
Guildford (UK.), 0483.302364 


In the Orient, phone: 

Hong Kong, Tektron, 3.880629; 
Tokyo, Dia Semicon, 3.439.2700, 
Kawasaki, Teksel, 44.812.7430; 
Taipei, Sea Union, 2.751.2062; 
Seoul, M.S., 2.553.0901; 
Singapore, Seamax, 65.445.1828; 
Australia, Email, 613.544.8244 


TPACL 
TRW LSI Products Inc. 


©TRW Inc., 1989 — 712C01489 


CONTRACTOR DEVELOPIN G REAL-TIME, DISTRIBUTED Os 

Concurrent Computer Corp (Tinton Falls, NJ, (201) 758- -7000) is under contract 
to the Air Force to develop a real- time, distributed operating system. The Alpha 
operating system will become part of the public domain upon completion. This 
extremely ambitious project, if completed successfully, will link virtually any com- 
_ puter system running any one of a number of common operating systems. Written 
in C+ +, Alpha will use the FDDI fiber-optic link as its backplane as well as support 
other common networks. 


Concurrent seeks to foun a consortium to promulgate Alpha. Research and Develop- 
ment Director E Douglas Jensen and Marketing Director William Blundon will answer 
any questions and provide any level of technical information in response to serious 
inquiries. Jensen forewarns that many basic real-time- system practices do not scale 

up to a distributed real-time system.—Charles H Small | 


SOFTWARE EXTENDS PC BUS ANALYZER ABILITIES 

Release 2.60 of the AT BusTrak bus-analyzer software from Applied Physics Inc 
(West Lafayette, IN, (317) 497-1718) enables the company’s IBM PC/XT/AT bus ana- 
lyzer to disassemble captured trace files for both 8- and 16- bit wPs and display 
histograms showing bus utilization. Further, a validation filter eliminates invalid 
bus transfers from waveform displays. Present owners of bus analyzers that are 
still covered by the company’s warranty can obtain the new software for free. The 
bus analyzer with the new software costs $1995. —Steven H ‘Leibson 


FLASH A/D CONVERTER CAPTURES PULSE PEAKS — - 

An 8-bit variant of the standard full-parallel flash converter captures the peak 
amplitude of square pulses without an additional peak-hold circuit. TRW LSI Prod- 
ucts’ (La Jolla, CA, (619) 457- -1000) TDC1035 peak digitizer captures the maximum 
amplitude of one or more input pulses occurring between asynchronous reset pulses. 
For pulse widths of 350 nsec and greater, the converter digitizes peaks to its full dc : 
linearity, which is ’2 LSB. The IC can also detect pulses as narrow as 12 nsec, although 
at this pulse width the converter underestimates the pulse’s amplitude by about 
15%. The digitization accuracy of any pulse’s peak value depends on the shape of 
the pulse; the manufacturer characterized this ADC using Square pulses with con- 
trolled rise and fall times of 8 nsec. You can estimate the device’s performance with 
other pulse shapes by using an energy-above- threshold model. The 24-pin ceramic 
IC consumes 1W and includes an output register with 3-state outputs. All digital 
input and outputs are TTL compatible. Commercial and military versions of the part 
cost $19 and $95 (1000), respectively.— Anne Watson Swager 


BUSCON SESSION TO HIGHLIGHT BUS ANALYSIS 
A new session at Buscon/90-West—to be held on February 14 to 16 at the Long 
Beach Convention Center, CA—will explore some of the issues surrounding the use 
of bus analyzers. Speakers at session 503, ‘‘Applying Bus Analysis Tools in a Real- 
Time Development Environment,’’ will address bus-analysis problems on IBM PC 
bus, NuBus, VMEbus, and Multibus systems. For more information about the conven- 
tion, phone (203) 852-0500, ext 247.—Steven H Leibson 
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es of wire can't 


make you 


more competitive. 


There's only one real reason to 
specify Dale® wirewound resistors: 
We'll work harder turning 
something common into something 
uncommonly valuable. Up front, 
that means saving you selection time 
by producing every standard 
shape and size in the book. Plus, 
we give you immediate access to 


DALE, 


Dale Makes Your Basics Better 
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design assistance and a wide range 
of proven special products. 

lt means factory and distributor 
stocking programs that can be 
quickly fine-tuned to your Just-In- 


Time delivery programs. 
CIRCLE NO. 54 


And, it means making reliability 
the least of your worries with well- 
established Statistical Process 
Control and Quality Assurance 
systems to give you ship-to-stock 
capability. 

Dale wirewound resistors. 
They're not commodities — they're 
the power you need to help make 
your products more competitive. 
Contact your Dale representative or 


distributor, or phone: 402-563-6283. 


Dale Electronics, Inc., 1122 28rd 
Street, Columbus, NE 68601-3647. 


DALE ELECTRONICS, INC. 
» « « a VISHAY Company 
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RF TRANS 


Over 50 off-the-shelf models... 


Having difficulty locating RF or pulse 
transformers with low droop, fast risetime or a 
particular impedance ratio over a specific frequenc 
range? ...Mini-Circuits offers a solution. 

Choose impedance ratios from 1:1 to 36:1, 
connector or pin versions (plastic or metal case 
built to meet MIL-T-21038 and MIL-T-55831 re- 
quirements*). Ultra-wideband response achieves low 


droop and fast risetime for pulse applications. Ratings me 7TH, TT —— 
up to 1000M ohms insulation resistance and up to 1000V 1, TH, TT style KKB 


dielectric voltage. For wide dynamic range applications involving 
up to 100 mA DC primary current, use the T-H series. 
Coaxial connector models are offered with 50 and 75 ohm T.TH.TT 
impedance; BNC standard; request other types. ister Ng 
Available for immediate delivery with one-year guarantee. 

Call or write for 68-page catalog or see our catalog in 
EEM, or Microwaves Product Data Directory. 


‘uni ‘ case styles 
ans ale nets hale T, TH, case W 38, X 65 bent lead version, KK81 bent lead version 

TMO, case A 11, t FT, FTB, case H 16 
NEW TC SURFACE MC MODELS fre MHz to 
NSN GUIDE 
MCLNO. NSN MCL NO. NSN 
FTB1-1-75- 5950-01-132-8034 TMO2-1 5950-01 -183-6414 
FTB1-6 5950-01 -225-8773 TMO2.5-6 5950-01-215-4038 
T1-1 5950-10-128-3745 TMO2.5-6T 5950-01-215-8697 
T1-1T 5950-01 - 153-0668 TMO3-1T 5950-01 -168-7512 
T2-1 5950-01 -106-1218 TMO4-1 5950-01 -067-1012 
T3-1T 5950-01 -153-0298 TMO4-2 5950-01 -091 -3553 
T4-1 5950-01 -024-7626 TMO4-6 5950-01 -132-8102 
T9-1 5950-01 -105-8153 TMO5-1T 5950-01 -183-0779 
T16-1 5950-01 -094-7439 TMO9-1 5950-01-141-0174 


TMO1-1 5950-01 -178-2612 TMO16-1 5950-01 - 138-4593 
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FORMERS 


SKHz-8OOMAHz trom 


case style number 
see opposite page 


A* T 
PRI SEC 

TH 

TMO 

Be TT 

TTMO 

C T 


3 ET sc 


TO 
TH 


TMO 


PRI SEC 
TMO 


FT 


E PRI 3 c SEC FTB 


Q 
RATIO 
MODE 
NO. 


T1-1T ~ 
T1-6T 
72-17 
T2.5-6T 
T3-1T 
T4-1 
T4-6T 
T5-1T 
T8-1T 
T1is-17T 
T16-6T 
T4-1H 
TMO1-1T 
TMO2-1T 
+TMO2.5-6T 
+TMO3-1T 
TMO4-1 
TMOS5-1T 
TMO13-1T 


DW 


.004-500 
075-500 
01-50 
05-200 
0.1-300 
02-30 
02-30 


MMAWM]+]/HNEaRwWMYY= bh HHANTNHhARWNHN=—= 


an 


TTMO25-1 
TTMO1-1 
TTMO4-1A 


lop ep) 


1 
4 
1 
1. 
1 
1. 
1. 
2: 
4 
9 
1 
3 
1 
1 
9 
1 


o>) 


ann 


TMO9-1 
TMO16-1 


72-4 
T3-1 
14-2 
T8-1 
T14-1 
TMO2-1 
TMO3-1 


=OOhMH+=+=+ 


(o>) 


005-100 
.1-400 


-- =MRWNM =MOhWN 


oh > 
i) 


# Denotes 75 ohm models 


* FOR A AND B CONFIGURATIONS 
Maximum Amplitude Unbalance 
0.1 dB over 1 dB frequency range 
0.5 dB over entire frequency range 
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FREQUENCY 
MHz 


INSERTION LOSS 


3dB 2dB 
MHz MHz 


.004-500 
075-500 
.01-50 
.2-50 
0.1-300 
.02-30 
02-30 
005-100 


.050-600 
5-800 
.2-600 
15-250 
.2-150 
.050-600 


Maximum Phase Unbalance 
1.0° over 1 dB frequency range 
5.0° over entire frequency range 


PRICE $ 
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HIGH-SPEED HARDWARE 

ANALYSIS MODULES: THE 

NEWEST PAYOFF TO YOUR 
PRISM INVESTMENT. 


Visualize a logic ana- <p sill etc ae Start with up to 96 channels 
lyzer that not only ian wea and the exceptional 
acquires microproces- sie te resources of Prism’s 8/16/32- 
sor state and timing aoe wt eam | | bit microprocessor integra- 
data, butadds emula- [iiigusamed | tion modules. 
tion capabilities... vameaen sae tm 
real-time performance Voi can view 200 MHz timing 
analysis...high-speed ae and 8K of state data per channel, 
timing for hardware fw us 
analysis ...and more— se leeeta nin 

(Above, left) Real- 


all usable in precise, me DISPL PALS BERLR PROPER E | CELGR FRO, SEES Knob = Screl! seme time performance 
time-correlated com- sea 7 analysis as displayed 


bination. All configura- 7 ene on the Prism color 


shouregs « T 
Prototype System's NicreProcessor Register Contents 7*#9*6 monitor. (Left) he 
. eieesae vbr aoeerear we ° oe eeeeesae2 
a1 3 4 BRAd2eb eeeeeaae P D b Te | 
22905072 Di] f?*hOO72 ag 02990293 FPP bc2g2 rototype e u 00 
S8s3fde8 oi 8936833 a2 BA. Bfoed S6c3f ede 


Ti pn : ceiearee “ seat coe a8 82984823 8c bne provides easy access 
hats the visible edge of the Prism sca a SEAS to microprocessor 


i ree erate SSS ye: filet SMe ma control and debug 
3000 Series from Tektronix. satysratt Oto a pie ws Ph. .. functions, including 


APKi MPR MPXi MPRA 


H + sesso cae si CHer ag the ability to Set hard- 
The new dimension of sesesc goes Sheng EXTENSION )  $e0:eee ware and software 


BES aseeas 562.888 
s a 2800328 #958 ( RERD EXTENSION } >» 388.968 . 
integrated analysis. ie ee Se a a — breakpoints, and to 
— y 8 SOE Ha mers ia, seerese patch registers and 


Microprocessor control 
Real-time performance analysis 
200 MHz hardware analysis 

8K deep state analysis 

Multiple Microprocessor support 


2 GHz hardware analysis 

300 MHz state analysis 

.ons glitch capture 

2K transitionally-stored memory 
D to 120K effective memory) 


memory. 


(Left) Prism microprocessor 
and hardware analysis mod- 
ules are user-installable in 

minutes. These application 

modules can be configured in 
any combination, up to a max- 
imum of ten cards per system. 


all time-correlated and 
integrated on the same 
display. Set up state and 
timing sections to cross- 
trigger, synchronize and arm each other, so you 
know exactly when and in what time relation- 
ship events occur. 


Push beyond microprocessor observation 
into microprocessor control. 


Wit its unprecedented Prototype Debug 
Tool, Prism lets you easily set breakpoints, 
patch registers and memory, restart the system 
—all without an emulator’s intrusiveness. 


on 
Er Re gear ae 


HOT ge we 


like 2 GHz 


Use real-time per- 


formance analysis tO elo) The Prism HSMs 
get a true, non- dual threshold mode trig- 
statistical view of gers on and displays a meta- 


stable condition. Middle 
thresholds are displayed as 
“M” in the time-correlated 
state table. Cursors mea- 


system performance. 


Oeics of embed- 
ded control systems 
will especially benefit 
from histo- 

grams of un- eran 

compromising vensesin'gyrt Amma = vores 
accuracy. , ~ a 
Now, with 
Prism’s HSM 
high-speed 
hardware Tre att 
analysis 
module, 
you can add 
capabilities 8 Re 


that caused the metastable 
state. 


w= DISPLAY: STRTECTRRIE ; Cursers are: 


Nenory Sisplaged: REFREN Ee «RES tursor 1 = =Begge2 
+ Saenz ck blursor ¢ += =eeeRee 
3.868 a: 


Choose froma | 
stand-alone Prism, 
expandable main- 
frame-and-monitor, © 
even a portable 
model with fold-up 


sure the setup time violation 


Balinked 


aasy 


2-3 


> 
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f your CAE tools are telling 
you too little too late, consider this 
news from Teradyne. Now you can 
capture and analyze complex ASIC and 
VLSI board designs with unprecedented 
accuracy and ease, using our Vanguard™ 
schematic entry software and LASAR 
simulator in Teradyne’s 
MultiSim™ 


environment. 
Here are CAE 

tools that work the 

LASAR’saccurate Way youlike to work. 
orst-case timi: ‘ 
eewe"T Mev I help you move 
analysis means you 
won't be held up by quickly between 
faulty prototypes. 
schematic and simu- 


lation, and let you control simulation 
interactively. You'll get immediate feed- 
back at every step. 

Click on nodes you want to monitor 
and watch signal activity “live” onthe 
schematic or in the logic analyzer win- 


dow. By setting break- 


Lap } 


points, you can freeze 

the action when results | 
aren't what you expect. _ 
Inno time, you'll know se 


where your design is 


Set/Examine 


Create 
Breakpoint 


sar eaneeetmmeneeeanacaamneaateaeteeeeceeaeam ance 
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CAE for people 
to see how their 


You ll see the effects of design changes 


working and where it’s not. 

Got a glitch? Need to invert asignal? instantly because we shortcut compila- 
Make cuts or jumps on schematic inter- tion for the modifications you make most 
connections. Add or delete components. frequently. This means you can try out 


“what-ifs” with record speed, reducing 


Ifyou find a problem, 

fixitand see theresults — desisn-loop time from tens of minutes 
in seconds, because we 

eliminate compilation to tens of seconds. 

for most common 


Best of all, with CAE tools from 


Teradyne you can be sure that what 


design changes. 


Cut/ 
Jump 


Add/Modify 
Component 


MultiSim and Vanguard are trademarks of Teradyne, Inc. VAX is a trademark of Digital Equipment Corporation. Sun is a registered trademark of Sun Microsystems, Inc. 
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Command Line 
STARTUP 
WINDOWS 
COMMAND LINE 


LULL 


wel 


you see in design is what you'll get in 
manufacturing. How so? Because our 
LASAR system is more accurate than 
other event-based simulators. LASAR’s 
worst-case 
algorithms 


precisely 


simulate the 


operation of gate arrays, high-speed 
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micros and time-multiplexed buses, 
including the effects of process varia- 
tions. You can zero-in on troublespots 
efficiently, and be confident that 


The same user interface |,ASAR-verified 


and file format on 
PCs, Suns and VAXs designs will work— 
simplifies trainin . 
elemnaeedicd reliably and 
and communications | 
when you're mixing repeatably. 


platforms. —_— 
Ifyou reina 
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Interactive 


hurry for results, 
commands execute 


instantly soit’seasy YOu 'll appreciate 
foiryoulnew ideas. YW easily Teradyne 
tools integrate into your current design 
process. EDIF, VHDL and commercial- 
tool interfaces let you build on existing 
databases. Then tie all your design and 
analysis tools running on PCs, Suns" 
or VAXs™ into one multiwindow 
design environment using Vanguard's 
graphical framework. 

So don’t wait. For more information 


about how our CAE 


tools can 

work for you, 
call Daryl Layzer 
at (617) 482-2700, 
ext. 2808. Or write 


LASAR lets you 


Teradyne, 5155 Old combine structural, 
Ironsides Drive, behavioral, and 
hardware models for 
Santa Clar d, CA simulation efficiency 
with exceptional 
95054. ateteraiy 
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SIGNALS & NOISE 


Bob Pease sends 
corrections 


Thank you for printing my letter 
about ICs that are nonstandard 
(EDN, October 26, 1989, pg 33). 
However, the statement reading, 
“The following list of parts all share 
the same pinout” contains an error. 
It should read, “The following list 
of parts all have a nonstandard 
pinout. 

An error also crept into Fig 1, 
Part 12 of the series’ on 
troubleshooting analog circuits 
(EDN, October 26, 1989, pg 176). 
VA does connect to two diodes and 
to Rs, but VA does not connect to 
the op-amp input. Therefore, this 
-path should be broken. Similarly, 
the bottom of R, does not connect 
to ground, but it does connect to 
the input of the amplifier. 

Finally, in Part 11 of the series 


(EDN, October 12, 1989, pg 177), 


System. 


the original text of a statement in 
the lower left column read: “...fea- 
tures as good a temperature coeffi- 
cient as you’d probably ever be will- 
ing to pay for.” I realize the EDN 
Stylebook frowns on using “good” 
in statements about specifications, 
so the editors changed it to “high.” 
Unfortunately, “good” in this case 
means “low.” The sentence should 
read: “These bandgap references 
feature as low a temperature coeffi- 
cient as you’d probably ever be will- 
ing to pay for.” 

Robert Pease 

Staff Scientist 

National Semiconductor 

Santa Clara, CA 


Tell them “‘We won’t 
take it anymore” 


Yes, I’m mad as hell. Jon Titus’s 
editorial “She’ll be right, mate” 


i NEW-EVENT 


Introducing the Analytek Series 2000 2 


(EDN, October 12, 1989, pg 49) 
touches on a problem that I find 
more and more unsettling as time 
goes by. From busboy to president, | 
everybody relies on a “Santa Claus” 
to make things right. Worse yet, 
without a “Santa,” Americans are 
getting ever more helpless. Re- 
cently, the TV show, “Hidden 
Video,” set up a phony Canadian 
border crossing outside a California 
desert town and made people swear 
to uphold the laws of Canada. I find 
it very hard to visualize one of the 
Founding Fathers falling for such 
a prank. 

What has turned a proud, self-reli- 
ant nation into a bunch of nitwits 
that needs to be told what to do 
and not to do every step of the way? 
Not only responsibility seems to 
have vanished, but common sense 
as well. While one might construe 
the “Don’t blame me!” syndrome as 


GS/s, 12 bit, Multichannel Waveform Sampling 


It's a dazzling new way to take a better look at fast and rare events where every little bit 
counts. Analyze, record, measure. Unprecedented 63 dB signal to noise. 


Compact, flexible, and modular. Mix and match sampling 
modules to trade off channel count for record length and speed. Install 
up to 96 channels in a single VXI/VME mainframe. Mouse driven. 
Programming via IEEE 488.2. Autocalibration, variable time base. 


For a demo or more information. 
Call Analytek at (800) 366-5060. FAX (408) 725-8562. 


For more information, contact your nearest Tektronix sales office, or 


Analytek, 10261 Bubb Road, Cupertino, CA 95014. 
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Seagate’s ST1096 Family 


‘Q.m@m~—mmme | SC DRIVES 


ven to the experi- 

enced observer, 

a disc drive 1s a 
technological marvel. With discs 
spinning at 60 revolutions per second, 
the mechanics involved are astound- 
ing. It takes a company with a unique 
level of skill and experience to pro- 
duce drives in volume that perform 
reliably year after year. A company 
like Seagate 

Our 3.5” ST 1096 family is a 
great example of Seagate craftsman- 
ship. Featuring a choice of 42, 60 or 
83 formatted megabytes, these high 
performance (24 msec average access 
time) drives are ready for demanding 
PC and Apple® applications. The 
family offers ST412/MFM and SCSI 
interfaces for application flexibility. 
And they all feature a 50,000 hour 
mean-time-between-failure rate. 

Like the artist who spends years 
perfecting his craft, Seagate has spent 
the past decade mastering the fine 
art of disc drives. For more informa 
tion on our multi-faceted product 
line, contact your authorized Seagate 
distributor, or call Seagate directly at 
800-468-DISC, or 408-438-6550. 


Beveled Gl 
NS Th sch & Andreas Le hmann Apple is a registered trademark of Apple Computer, Inc. 


Seagate and the Seagate logo are registered trademarks of Seagate Technology, Inc. 
© 1989 Seagate Technology, Inc. 
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merely a side effect of the pursuit 
of happiness, what can account for 
the simultaneous urge to become 
victims? 

Could the Founding Fathers have 
unwittingly built a time bomb? The 
Constitution was constructed to 
safeguard against arbitrary rule by 
an aristocracy, an oligarchy, or any 


other elite. By setting up a govern- 
ment “not of men, but of laws,” the 
framers may have planted a danger- 
ous seed: The guardians of these 
laws would eventually usurp the 
power of the people to rule them- 
selves. 

It’s taken 200 years for the seed 
to grow into a clear and present 


Build your embedded PC or AT 
any way but big. 


MiniModule/AT Disk; 


Interface toEmbeddedAT J 


MiniModule/SSP; Controller Disk Drive 


Dual Serial and Single 
Parallel Expansion <3 


MiniModule/EGA; | 
EGA Video Controller 


Little Board/286; 
Single Board System 


da 7 MiniModule/Modem; 


2400 Baud Modem 


“Sg MiniModule/LCD; 
Controller for 640 X 200 
& 640 X 400 LCD Panels 


Little Board plus Minimodules 


Embedded applications. Ampro’s Little 
Board PC and AT compatible single board 
systems are ideal for embedded or dedicated 
applications. Specifically, applications which 
demand small size, high reliability, rugged 
design and low power consumption. Now, 
Ampro MiniModules allow you to build Little 
Board systems into a wider range of applica- 
tions while meeting these same requirements. 
Little Board/PC or /286. Take your pick. PC 
compatible or AT compatible. Both single 
board systems are equivalent to a mother- 
board and four expansion cards in a single 
5.75” X 8” card. Both offer low power 
consumption, single 5V supply operation and 
0 to 70°C operating range. 

MiniModule Expansion. Extend your Little 
Board based embedded system using Ampro 
MiniModules. These compact 3.5” X 3.8” 
boards provide CGA or EGA video interfaces, 


Distributors: 


LCD or EL panel controllers, Arcnet LAN 
controller, 2400 baud modem, serial/parallel 
port expansion or an interface to hard disks 
with embedded AT controllers. Stack em 
vertically or side by side. Build a big system in 
small space. 

Complete information. Fast. Call us at the 
number below. We'll immediately forward 
specifications and details on the Little Board 
family of single board systems and Mini- 
Modules. Then, you can build your embedded 
system. Any way but big. 

All trademarks are the property of their respective owners 


408-734-2800 
MANV=AE] 


SINGLE BOARD SYSTEMS 
Ampro Computers, Inc., 1130 Mountain View/Alviso Road 
Sunnyvale, CA 94089. FAX (408 ) 734-2939. TLX 4940302 


Reps: USA - contact AMPRO for the name of your nearest rep. Australia - 61 3 720-3298; Austria 43-222/31091 10; Canada - (604) 438-0028; Denmark - 455 3 66 


20 20; Finland -358 0 585-322; France - 331 4842-2222; Germany, West - 49 6151 7305-35; Hong Kong/PRC - 5 86131 18; Israel - 972 3 49-16-95; Italy -39 681 1-9406; Japan - 81 3 
257-2630; Netherlands - 31 10-411 8521; Norway - 46 8 28-72-86; Sweden - 46 8 28-72-86; Switzerland - 41 1 740-41-05; United Kingdom - 44 2.964 35511 
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danger, but today there can be little 
doubt that many of us live in daily 
fear, not of law, but of lawyers, 
much as earlier civilizations trem- 
bled in fear of their High Priests. 
“The law” has been turned into a 
monster that only the Anointed can 
understand and keep at bay—after 
adequate sacrifices. We have by 
now been trained to seek our law- 
yer’s blessing not just before em- 
barking on any journey, but also 
upon returning. If anything went 
awry, he’ll tell us who was “at fault” 
and how to cash in on every mishap. 

Innovators, producers, and their 
Sponsors have become prime tar- 
gets for the modern witch hunters. 
Naturally, the litigators line their 
pockets with the wealth that should 
have benefited our industries’ (and 
the country’s) growth. The message 
“Don’t take chances” pervades our 
business world. A clique of unpro- 
ductive tea-leaf readers, pretending 
to “make her right, mate,” is para- 
lyzing progress and goading the na- 
tion into a mindless stupor. 

What can we, as innovators and 
as citizens, do to break the spell? 
We must tell our legislators in no 
uncertain terms, “We’re mad as 
hell, and we won’t take it anymore.” 
If we yell loud enough, they might 
listen—at least the few who aren’t 
lawyers. 

Max J Schindler 
Prime Technology 
Boonton, NJ 


Correct phone number 
and location 


In the Technology Update (EDN, 
October 26, 1989, pg 115) entitled 
“CAD tools aren’t yet on speaking 
terms,” two errors appear in the 
box on pg 116. The phone number 
for Honeywell Systems Inc should 
be (612) 782-7322, and the company 
is located in Minneapolis, MN, 
rather than in Boston, MA. 
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“Handbook Of Neural 
Applications | 
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Practical 
Switching Power 
Supply Design 
Marty Brown 


Take the “black magic” out of switch- 
ing power supplies with this complete 
“hands-on” guide to the theory behind, 
and design of, PWM and resonant 
switching supplies. You'll find: 

m details on switching supply 
operation 

m advice on how to select an 
appropriate topology for your 
application 

m extensive coverage of buck, 
boost, flyback, push-pull, half and 
full bridge regulator circuits 

m@ special attention on semiconduc- 
tors used in switching supplies 

m explanations of RFI/EMI reduction, 
grounding, testing, and safety 
standards. | 


March 1990, c. 240 pages 
$39.95 (tentative)/ISBN: 0-12-137030-5 
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Handbook of 
Neural Computing 


Applications 


Cliff Parten, Craig Hartson, 
Alianna Maren, and Robert Pap 


This book is a detailed guide to the 
essential architectures, processes, im- 
plementation methods, and applica- 
tions of neural computing systems. 
Unlike purely theoretical books, this 
handbook shows how to apply neural 
processing systems to problems in 
neurophysiology, control theory, learn- 
ing theory, pattern recognition, and 
similar areas. This book fully discusses 
neural network theories, and also 
shows where they came from, how 
they can be used, and how they can be 
developed for future applications. 


February 1990, c. 400 pages 
$69.95 (tentative)/ISBN: 0-12-546090-2 
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AC Power 


Conditioners 
Design and Applications 
James W. Clark 


Written by a working professional, 
this detailed guide describes the the- 
ory and design of AC power condi- 
tioners and provides you with appli- 
cation techniques, presents original 
design equations, and working circuit 
examples. 


December 1989, 208 pages, $44.95 
ISBN: 0-12-175460-X 


Handbook of 
Fiber Optics 
Theory and Applications 
Chai Yeh 


Here’s a comprehensive reference 
with state-of-the-art information on 
fiber optics including: 

m@ optic fibers and fiber materials 

m light sources and detectors 

m coupler, LEDs, and other individ- 
ual components 

m@ coherent optics 

lasers and 

m the development of fiber optics- 
based telecommunications 
systems. 


February 1990, 382 pages 
$79.95 (tentative)/ISBN: 0-12-770455-8 


Order from your local bookseller 
or directly from 


ACADEMIC PRESS 


Harcourt Brace Jovanovich, Publishers 
Book Marketing Department #29010, 
1250 Sixth Avenue, San Diego, CA 92101 


CALL TOLL FREE 


1-800-321-5068 


Quote this reference number for free postage and 
handling on your prepaid order => 29010 


Prices subject to change without notice. ©1990 by Academic Press, Inc. 
All Rights Reserved. CB/KR — 29010. 
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These speech 
synthesizers 


can be difficult 
to work with 


these 
arent. 


Tired of working with speech 
synthesizers that squawk or 
screech or sound like tinny 
talking toys? Do your high- 
tech applications demand 
high-quality sound repro- 
duction? 


If so, you need to sound 
out Ok1’s easy-to-use speech 
synthesizers. The superior 
quality of our chips quickly 
demonstrates that it’s one 
thing to imitate sound. It’s 
another to synthesize it. 


Our state-of-the-art syn- 
thesizers offer the high inte- 
gration and realistic sound 
you expect, with features like 
these: 


eon-chip low pass filter 
eon-chip 12-bit D/A converter 
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¢4-bit ADPCM algorithm for 
better than FM signal-to- 
noise ratio 


And we have the range of 
products to meet your varied 
applications: Three masked 
ROM chips with 10- to 40- 
second message options. A 
ROMless development chip. 
A one-time programmable 
chip. A real-time pitch 
control chip. And a solid- 
state recorder. 


) 


My 
| 
im 


AULT 


i 


If you like the sound of our 
offerings, you Il love the sound 
of our chips. Order a demo 


board from Oki today. And 
you'll design us in tomorrow. 


So. Calif. 
(Irvine) 
714/752-1843 
(Sherman Oaks) 
818/990-3394 


No. Calif. 
(San Jose) 
408/244-9666 


Boca Raton, FL 
407/394-6099 


Atlanta, GA 
(Norcross) 
404/448-7111 
Chicago, IL 
(Rolling 


Meadows) 
708/870-1400 


Boston, MA 
(Stoneham) 
617/279-0293 


Detroit, MI 
(Livonia) 
313/464-7200 


New York, NY 
(Poughkeepsie) 
914/473-8044 


Philadelphia, PA 
(Horsham) 
215/674-95 |1 


Dallas, TX 
(Richardson) 
214/690-6868 


Semiconductor 


Quality that speaks for itself. 
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_and Save With The Best! © 


So small you carry them on-the-spot in Of course, 2 the companion Medel 3020 
your shirt pocket, so precise you'll think also measures Volts, Amps, Ohms, tests 
they’re bench models with numerous diodes, and includes continuity beeper. 
features. The model 3060 offers 3200 Both models come with heavy duty 


counts, full scale, analog bar graph _Carrying case, ‘‘button’”’ cell batteries, 


display and 3% digits. . . plusfastauto/ _ test oe, and manual. 
_ manual ranging; a automatic power shut 
_ dov 1; high speed sampling; range hold 

tinuity beeper. _ Send for New Catak 


CG Instruments ) 
434 Windsor Park Drive, Dayton, OH 


TEL: (513) 434-6952 ¢ FAX:513-434-7643 _ 
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CALENDAR 


Designing for Electromagnetic 
Compatibility (short course), Vari 
ous locations and dates. Hewlett- 
Packard Co, Signal Analysis Div, 
1212 Valley House Dr, Rohnert 
Park, CA 94928. (800) 247-3382; 
in CA, (707) 794-1212. Through 
June 5. 


Winter 1990 UNIX Technical Con- 
ference, Washington, DC. Judith 
DesHarnais, USENIX Conference 
Office, 22672 Lambert St, Suite 
613, El Toro, CA 92630. (714) 588- 
8649. January 22 to 26. 


SaudiComputer 790, Saudi Arabia. 
Gerald G Kallman, Kallman Associ- 
ates, 5 Maple Ct, Ridgewood, NJ 
07450. (201) 652-7070. FAX 201- 
652-3898. January 28 to February 1. 


SEMICON/Southwest, Dallas, TX. | 
Semiconductor Equipment and Ma- 
terials International, Shows Dept, 
805 E Middlefield Rd, Mountain 
View, CA 94048. (415) 964-5111. 
January 31 to February 1. 


SECS Communications Seminar, 
Dallas, TX. GW Associates Inc, 
1183 Bordeaux Dr, Suite 27, 
Sunnyvale, CA 94089. (408) 745- 
1844, February 2. 


1990 6th IEEE/CHMT Semicon- 


ductor Thermal & Temperature 
Measurement Symposium, Scotts- 
dale, AZ. C/S Communications, Box 
23899, Tempe, AZ 85285. (602) 967- 
7444, February 4 to 8. 


2nd_ International Tape Auto- 
mated Bonding (TAB) Sympo- 
sium, San Jose, CA. Dr Subash 
Khadpe, Semiconductor Technol- 
ogy Center, Box 38, Neffs, PA 
18065. (215) 799-0919. FAX 215- 
799-2677. February 5 to 7. 


Communication Networks ’90, 
Washington, DC. IDG Conference 
Management Group, Box 9171, 20 
Speen St, Framingham, MA 01701. 
(508) 879-6700. February 5 to 8. 
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Awesome Power 
Often Comes in Small Packages 


If you thought GESPAC makes small boards, you are right! Every 
product we make fits on a 25 square inch single height Eurocard. Now, if 
you think a small board cannot be powerful enough for your application, 


30’ 
Tall 


it may be that you have not seen our latest products. The G-64 bus now 
supports full 32-bit data transfer at 40 Mbytes per second and we have 


introduced a series of very high performance boards, including the most 
compact implementation of the 68030 microprocessor. We also offer high- 
end, add-on functions such as: 8 Mbyte RAM boards, X.25 and Ethernet 
network controllers, high resolution graphics, and the widest selection of 
general purpose I/O functions and real-time software under the sun. 


All in all, no one packs more power per square inch than GESPAC. 
Our boards are small and use our unique fine line, single layer dual sided 
PC board technology. They are more reliable and cost less, which should 
make them the obvious choice for your next OEM system design. 


To receive your free data sheet and full line catalog, 


Call Toll Free 1-800-4-GESPAC 


or (602) 962-5559. 
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USA - CANADA 
50 West Hoover Ave. 
Mesa, Arizona 
85210 USA 

Tel. (602) 962-5559 
Fax. (602) 962-5750 


* Using GESMFI-] Multi-function board. 
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Processor 
Speed 
EPU 
#JEDEC Sockets 
EPROM Capacity 


RAM Supplied 

# Serial Ports 27 

A TTLUO 20 
#Timers/# Bits 3x 16-bit” 
Clock/Calendar Yes * 
Watchdog Yes * 


Ext. Addressing 32 Mbytes 


EUROPE INTERNATIONAL 
Z.\. les Playes 18, Chemin des Aulx 
83500 La Seyne CH-1228 Geneva 
France Switzerland 


Tel. 94 30 34 34 
Fax. 94 87 35 52 


Tel. (022) 794 3400. 
Fax. (022) 794 6477. 


This ad is by no means an endorsement for nuclear weaponry. 


A Road Map to VHF, UHF 
Microwave Component Design 


Our “Atlas” is loaded with specs and engineering data describing 
Microwave UHF/VHF ICs and Tuner Modules. For information concern- 
ing Microwave Frequency Dividers (prescalers), PLL ICs, UHF/VHF 
front end ICs for communications, Video and FM Tuners, contact: AEG 
Corporation, 3140 Rte. 22, PO Box 3800, Somerville, NJ 08876-1269; 
(201) 231-8493; Fax: (201) 231-8353. 
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CALENDAR 


Hands-on UNIX for Programmers 
(short course), Seattle, WA. Spe- 
cialized Systems Consultants Inc, 
Box 55549, Seattle, WA 98155. 
(206) 527-3385. FAX 206-527-2806. 


February 7 to 9. 


1990 Symposium on Electronic 
Imaging: Science and Technology/ 
Exhibit, Santa Clara, CA. The In- 
ternational Society for Optical En- 
gineering, Box 10, Bellingham, WA 
98227. (206) 676-3290. FAX 206- 
647-1445. February 11 to 16. 


IEEE Instrumentation and Meas- 
urement Technology Conference, 
San Jose, CA. Robert Myers, 
IEEE Instrumentation and Meas- 
urement Society and IEEE Santa 
Clara Valley Section, 3685 Motor 
Ave, Suite 240, Los Angeles, CA 
90034. (213) 287-1463. FAX 213- 
287-1851. February 13 to 15. 


Systems/USA, San Jose, CA. 
Chuck Jungi, American Electronics 
Association, 5201 Great America 
Pkwy, Santa Clara, CA 95054. (408) 
937-4204. February 138 to 15. 


Buscon West, Long Beach, CA. 
Sharon Salvo, Conference Manage- 
ment Corp, 200 Connecticut Ave, 
Norwalk, CT 06856. (203) 852-0500, 
ext 253. February 14 to 16. 


Modern Power Conversion Design 
Techniques (short course), San Di- 
ego, CA. Joy Bloom, Bloom Associ- 
ates Inc, Educational Div, 115 Du- 
ran Dr, San Rafael, CA 94903. (415) 
492-1289. FAX 415-492-1239. Feb- 
ruary 19 to 23. 


SECS Communications Seminar, 
San Jose, CA. GW Associates Inc, 
1183. Bordeaux Dr, Suite 27, 
Sunnyvale, CA 94089. (408) 1745- 
1844. February 26. 


Electronic Imaging West, Pasedena, 
CA. MG Expositions Group, 1050 
Commonwealth Ave, Boston, MA 
02215. (800) 223-7126; in MA, (617) 
232-3976. February 27 to March 1. 
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Orbit puts engineering 


prototypes within reach. 


Now you can cut NRE expense and 
save valuable time on engineering proto- 


type runs just by using a little foresight. 


Foresight, Orbit’s new multi-project 
wafer processing service, puts the en- 
gineering prototypes you need within 
reach. In record time. And at a record 
low cost. 


Orbit’s new Foresight accommo- 
dates generic CMOS processes with 
feature sizes down to 1.2 microns with 
maximum die sizes of 300 mils on a side. 
Getting in on a run is as easy as supplying 


a database tape by our monthly start date. 


Available processes: 

Single Poly/Single Metal 
Double Poly/Single Metal 
e Single Poly/Double Metal 
» Double Poly/Double Metal 


i 


Don’t wait until high NRE costs 
and slipped deadlines put you in a bind. 
Design rules and information on Orbit’s 
new Foresight service are within reach 
today by contacting Foresight Marketing 
or the international rep nearest you. 
Orbit Semiconductor, Inc. 1230 
Bordeaux Drive. Sunnyvale, CA 94089. 
FAX (408) 747-1263. Or call (800) 
331-4617. In California (800) 647-0222 
or (408) 744-1800. 


” SEMICONDUCTOR, INC. 


A subsidiary of Orbit Instrument Corporation. 


What others promise, we guarantee. 
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REGIONAL REPRESENTATIVES: East Coast (609)428-6060, — Midwest (303)530-4520 — West Coast (408)241-8111, (714)253-4626, (602)996-0635, (602)293-1220, (505)888-0800. 


INTERNATIONAL REPRESENTATIVES: Canada (514)481-3313 — U.K. Phone (0372) 377779, Tlx 897628 S.G. U.K.-G, Fax (0372) 376848 — Europe Phone (06031) 61076, Tlx 6031 948, 
FAX (06031) 61788 — Australia Phone (8) 223 5802, Tlx UNIVAD AA89141, Fax (8) 224 0464. 
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e Dimension 
(inches) Lx WxH 


e Type of relay 


e Features 


e Sealed types 
e Latching types 


e Contact 
arrangement 


e Contact 
rating 


Electrical 


Life _ (atrated 


(min. load) 
opera- 
tions) Mech. 


Breakdown 
voltage 


Surge withstand 
voltage 


Coil voltage 


Nominal operating 


power 
UL, CSA, VDE 
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e Most advanced 
polarized relay 


e High sensitivity 


e 1500V FCC surge 
satisfied 


e 4 pole model 
available 


0.3A, 110VDC 
0.5A, 125VAC 
1A 30VDC 


1000Vrms - 


1500V FCC 


(DC) 3, 5, 6, 9, 
12, 24V 


Single) 140mW 
—L 100mW 
—L2) 200mW 


e 80mW nominal 
operating power 


e 48VDC coil 
available 


e Surface mount 
models available 


e 1500V FCC surge 
Satisfied 


0.3A 110VAC 
0.5A 125VAC 
1A 30VDC 


DG) 1.5, 3, 5, 6. 
, 12, 24V, 48V 


somW 
—L2) 110mW 


Single) 80mW 
“5 


e Vertical TQ Relay 
e Ultra-slim size 
e High sensitivity 


e 1500V FCC surge 
withstand voltage 


.3A 110VDC 
.9A 125VAC 
A 30VDC 


1000Vrms 1000Vrms 
1500V FCC 1500V FCC | 


DC) 3, 4.5, 5, 
, 9, 12, 24V 


single) 140mW 
—L 100mW 
—L2) 200mW 


e Ultra-small type 
.28' X 63" x 39” 


© High sensitivity 
e DIL Terminal 


0.3A 125VAC 
1A, 30VDC 


_ 5 x 10° 
| 1000Vrms | 


(DC) 1.5, 3, 5, 6, 

9, 12, 24V 
at le) 200mW 
a 100mW 
(-L2) 200mW 


_ UL/CSA 


a Ses 
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Sensitive 


Halt-Size Amber fe. 4 ao | wite Compact Power 


» Magnetically © High sensitivity |e High sensitivity |* High sensitivity |@ 1500V FCC surg |e DIP terminal 
he ¢ High vibration |e Large capacity in |e High vibration | S@islib" = fe Flux-resistant 


and shock — ‘prome = =€§=— je Ag-Pd contacts 
resistance e High sensitivity | type available 
e Wide switching |e MBB cont, _ _ 


o3At1ovac | 4A250VAC | 8A250VAC _|(2C) 15A250vAC | 0.5A 125 1A 125VAC 
1A20v0C.—s V —BA30VDC —«|{4C) 10 250VAC | 2A 30VE 2A 30VDC 


(DC) 5, 6, | (OC) 3.5.6, 12, | (DC) 3,5, 6, 12, DC) 3.5.6, 12, 
ABV | ba a | 24, 4BV 4. ABV 


Single) 150mwl — 1C) 360mW 
a ee a Eas 


, UL/CSA i [| UL/CSA 


Advanced switching fechnology. 


For further information, contact your nearest Aromat sales office: 


New Providence, NJ Orlando, FL San Jose, CA 
Tel: (201) 464-3550 Tel: (407) 855-1075 Tel: (408) 4383-0466 


Marlboro, MA Elk Grove Village, IL Garden Grove, CA 
Tel: (508) 481-1995 Tel: (708) 593-8535 Tel: (714) 895-7707 


Richardson, TX Aromat Canada Inc. 


Tel: (214) 235-0415 Mississauga, Ontario 
Tel: (416) 624-3777 
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No matter what manufacturing you 
frequencies you work, need for top per- 
you want everything formance, and top 


in your connectors 
that engineering can 
deliver. 
From AMP, that’s a great deal. 
Our entire line delivers the advanced 
design and controlled, precision 


productivity. That 
kind of engineering 
care is why our ‘‘old 
standards”—from dual-crimp BNCs on 


up—consistently exhibit Mil- 
equivalent electrical characteristics. 
And you can enhance performance even 
further with a choice of 50 ohm or 
75 ohm versions. 

Our product offerings cover the 
spectrum, pushing performance on out 


to 26 GHz. And they do 
it time after time, with 
unbeatable consistency. 
All the while saving 
you time—on the 

line or in the field—with 
proven crimp/seal technology. 


And with AMP, you get 
the broadest selection 
available anywhere, in 
every range. From cable 

to bulkhead and panel, nght 
down to the board—and now 
including custom and semi-custom 


high-speed coax and transmission 
cable assemblies. And our field and 


--) 


#3 
2 
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production tooling is second to none 


in dependable, repeatable terminations. 

Call 1-800-522-6752 for technical 
literature on AMP RF connectors, or for 
the name of your local AMP Distributor. 
AMP Incorporated, Harrisburg, PA 
17105-3608. 


EVE interconnecting ideas 
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Running out of board space? Here is high-performance 
SRAM, organized for 52-bit systems, with density 
that delivers up to 80% savings in real estate. 

Call today for a FREE mechanical sample. 


32-bit SRAM. 

Here are five very fast ways 
to simplify the implementa- 
tion of 32-bit SRAM for high 
performance applications like 
RISC and DSP. 

These ultra-fast, low- 
power 32-bit CMOS modules 
give you the word-width and 
density you need, but with a 
reduced area and pin count. 
That translates to routing 


efficiency and 
3 2-bit performance 
SRAM. 


efficiency. 
Interconnect 
capacitance is 


reduced. Crosstalk is reduced. 


Most important, board 
space requirements are 
reduced, dramatically. 

With edgemount versions 
under 1/2" in height (easily 
meeting VME slot require- 
ments) the space savings can 
really add up. 

So if you are feeling 
cramped for board space, 
please call our hotline for 
immediate relief. 


1. CYM1822HV-16K x32 SRAM w/Sep. I/O, 
15 ns. 88-Pin VDIP. 0.9” Sq. req. 


2. CYM1821PZ—16K x 32 SRAM W/OE, 
15ns. 64-pin ZIP. 1.2" Sq. req. 


3. CYM1832PZ-64K x32 SRAM, 
2ons. 60-pin ZIP. 1.0" Sq. req. 


4. CYM1831PZ-64K x32 SRAM w/OE, 
25ns. 64-pin ZIP. 1.2" Sq. req. 


5. Mil-Spec! CYM1830HD-64K x 32 SRAM, 
25ns. 60-pin DIP. 1.8" Sq. req. 


Pick your FREE 
mechanical sample —_/ 
then call: fi 
1-800-952-6300." / 
Ask for dept.C43 pe 
We'll send your 
part,andour 

new Multichip 4 
databook, + 


*1-(800)-387-7599 in Canada. (32)2-672-2220 in Europe. 
©1989 Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134. 
Phone: (408) 943-2600, Telex: 821032 CYPRESS SNJ UD, TWX: 910-997-0753. 


EDITORIAL 


Innovation is imagination realized 


Next Century 


Jesse H Neal 

Editorial Achievement Awards 
1987, 1981 (2), 1978 (2), 

1977, 1976, 1975 


American Society of 
Business Press Editors Award 
1988, 1983, 198] 
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We're pleased to be launching EDN’s Crusade for Innovation—a 
program that will recognize innovative designs, products, and peo- 
ple. Soon you'll see our Innovation and Innovator logos associated 
with technical articles, products, and people. We believe that inno- 
vation is the key to keeping the electronics industry dynamic, 
healthy, and profitable. 

People often ask, though, what is innovation? Isn’t it something 
more than simply developing new things? In truth, yes. Not every 
new product is an innovation, nor is every engineer an innovator. 
To me, the heart of innovation is imagination and the ideas that 
spring from it. No one can be an innovator without having—and 
using—a fertile imagination, for without one you cannot see the 
future and how to reach it. 

If you want to be an innovator, start using your imagination 
right now. Conjure images of 

® an organization in which divisions and departments communi- 

cate with each other, coordinate their efforts, and pursue 
common overall goals outside normal “compartments” 


® acompany that has no managers, only leaders who champion | 


and sponsor people and ideas 
@ a company that promotes and encourages entrepreneurial 
spin-offs and new ventures and Rene etiente when it can’t 
exploit them itself 
® a business that encourages people to pursue ideas and to 
make intellectual leaps—even though they might sometimes 
fail. 
® an enterprise in which engineers aren’t stuffed into a Black 
Hole of Calcutta to do “engineering,” but are encouraged to 
help set market, service, and product-definition goals 
® a venture that does less market research and decides to “just 
do it” and get the market’s reaction to a real product 
® acompany that encourages or demands that people think of 
what they can do, rather than what they cannot 
® a firm that encourages employees to use their imaginations. 
Forming images is the easy part. But, to become truly innovative, 
you must put your ideas and the ideas of others into action. You 
must try to bring the future up to the present. You'll never be 
an innovator unless you set real goals and strive to reach them. 


Jon Titus 
Editor 


AT 


eed 


Gag hears 
ear x i 
emg ht bear 


, Nishi-Gotanda Building, 7-24-5 Nishi- 


. 


imei 


. 


tems Corporation Ltd., Chiltern Court, High Street, Wendover, 


tems Japan Ltd., Nihon Se 


icrosys 


tributor in Europe, call 44-296-625462. Or contact Applied Microsys 


ited Kingdom. In Japan, call 03-493-0770. Or contact Applied M 


1S 


For the name of your nearest d 
Aylesbury, Bucks HP22 6EP, Un 


AMC 240 


Gotanda, Shinagawa-KU, Tokyo T141, Japan. 
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HD) AHEAD) 


INTRODUCING THE FIRST 33-60 MHz 
MICROPROCESSOR EMULATOR 
FOR THE 68020 AND 68030. 


Put your phone in front of you and get ready. 
You’re about to get in touch with the future of high 
speed microprocessor emulation. 

For quite some time Applied Microsystems has . 
been designing a radical new concept in 32-bit develop- 
ment. Now its ready. The EL 3200. 

It's capable of not only matching current speeds, 
but can efficiently expand to support faster speeds and 
advanced 32-bit microprocessors of the future. 

The news is not just speed, but how the EL 3200 
gets up to speed. 

It runs at full target clock speed—33 MHz for 
68020 and 68030. It fully supports 68030 cache burst 
and synchronous bus cycles. And, since it sits as a node 
right on the trunk of your Ethernet network, the 
EL 3200 can be accessed from any workstation. 

The EL 3200 offers your choice of source level or 
symbolic debugging. Whether you want to work in 
Assembly or C, we can provide the software tools for 
your exact needs. 

The sophisticated breakpoint system has hun- 
dreds of real-time access breakpoints, six real-time exe- 
cution breakpoints and unlimited software execution 
breakpoints. As an option, you can have up 2MB of no 
wait state overlay memory that runs at full clock speed, 
so there are no restrictions on memory, software or 
interrupts. The 16K deep by 139 bit wide trace provides 
true 32 bit support. 

Seeing is believing. For a demonstration or more 
information, pick up your phone. 

Dial full speed ahead and ask for Telemarketing. 
In WA (206) 882-2000. 

Applied Microsystems Corporation, PO. Box 
97002, Redmond, Washington, USA 98073-9702. 


800 35000 


Applied Microsystems Corporation 
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At Marshall, we have a history of making history in 
linear technology. Like supporting each new generation 


Marshall Boasts 
A line Lineage. 


12 Channel LinCM 


OS Technology 


TLC7524 (AD7524) 
1987 
Ist D/A Converter 
Introduction of Advanced LinCMOS Technology 


TLC7528 (AD7528) 
1987 


Ist 8-bit D/A Dual Channel 
Advanced LinCMOS Technology 


TLC10 (MF10) 
1988 
Ist Dual-switched Capacitor With Filter 
Advanced LinCMOS Technology 


TLC32044 
1989 
Ist 14 Bit A/D, D/A And Filter On Same Chip 
Advanced LinCMOS Technology* 


from Texas Instruments. Now our line includes TI’s parts you need. 


family of Advanced Linear components. With higher 
performance, higher levels of integration and merging of 
analog and digital signals. So whether your applications 


i 
TEXAS w 
INSTRUMENTS 


Authorized Distributor 
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are mainframes and modems or terminals and test equip- 
ment, Marshall stocks the TI Linear and Advanced Linear 


After all, we’ve been doing it for generations. 


Marshall 


* For a free sample and information kit of TI’s latest family member call (818) 459-5594, while supplies last. 


(‘Authorized Locations) San Diego (619) 578-9600° GA Atlanta (404) 923-5750* MN Minneapolis (612) 559-2211° Rochester (716) 235-7620° 
AL Huntsville (205) 881-9235° San Francisco (408) 942-4600° IL Chicago (312) 490-0155* MO St. Louis (314) 291-4650° OH Cleveland (216) 248-1788" 
AZ Phoenix (602) 496-0290° CO Denver (303) 451-8383° IN Indianapolis (317) 297-0483" NC Raleigh (919) 878-9882" Dayton (513) 898-4480° 
Tucson (602) 790-5687° CT Connecticut (203) 265-3822* KS Kansas City (913) 492-3121" NJ N. New Jersey (201) 882-0320" OK Tulsa (918) 622-7151* 
CA Irvine (714) 458-5301° FL Ft. Lauderdale (305) 977-4880* MA Boston (508) 658-0810° Philadelphia (609) 234-9100* OR Portland (503) 644-5050° 
Los Angeles (818) 407-4100" Orlando (407) 767-8585° MD Maryland (301) 622-1118* NY Binghamton (607) 798-1611° PA Philadelphia (609) 234-9100° 
Sacramento (916) 635-9700" Tampa (813) 573-1399° MI Michigan (313) 525-5850° Long Island (516) 273-2424° Pittsburgh (412) 788-0441" 
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TX Austin (512) 837-1991" WA Seattle (206) 486-5747° 


Dallas (214) 233-5200° WI Wisconsin (414) 797-8400° 

El Paso (915) 593-0706° 

Harlingen (512) 542-4589° 

Houston (713) 895-9200" In Canada: G.S. Marshall Co. 

San Antonio (512) 734-5100* Montreal/Ottawa (514) 694-8142° 
UT Salt Lake City (801) 485-1551° Toronto (416) 458-8046* 
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AXIMUM POWER FOR 
REAL-TIME DEVELOPMEN 


| Whether over the backplane or network. 
Heurikon has vour VME and Multibus tar- 
vets. VwWorks * VADSWorks * OS-9 * VRTX 
eAdae Unix V.3 ¢ Network solutions ¢ Just 

| afew of the Open Tools” Heurikon has to 

: 4 speed your application to market. Call 

now for real-time response. 


1-800-356-9602 


MICROCOMPUTERS FORINDUSTRY = = Pa eeu 


i . er 


VxWorks is a trademark of Wind River Systems. Inc. VADSWorks is a trademarh of Wind River Systems.-Inc. and Verdix Corporation -VRTX is a trademark of Ready Sysiems. Inc. OS-9 is a trademark of Microware Systems. Inc. 
Unix is a trademark of AT&T Bell Laboratories. Inc. Multibus is a trademark of Intel Corporation. Open Systems: Open Tools is a trademark of Heurikon Corporation Onen Tools is a trademark of Heurikon Corporation 
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DSP Marketing at 1-617-461-3771. 


The TMS320C25. 


@ The TMS320C25 takes more than 
three times as long to compute the 
same size FFT, while it devours over 
47k bytes of memory. ' 


The ADSP-2100. 


@ The ADSP-2100 computes a 
1024-point complex FFT in less 
than 3 ms witha total memory 
requirement of less than 4k bytes. 
It also computes a2 X 2 2D con- 
volution in 1.2 js and executes 
ADPCM in only 68 ws. 


@ The ADSP-2100 can access two 
words of external data every cycle. 


e The TMS320C25 is limited to one 
access of external data every two 
cycles. 


e The ADSP-2100 supports zero- 
overhead loops of any length. So our 
looped code —which is the easiest 
to write —is also the fastest. 


@ The ADSP-2100’s two dedicated 
data address generators can auto- 
increment/decrement by any offset 
value, and they have automatic cir- 


e The only zero-overhead loop the 
TMS320C25 can execute is one 
instruction repeated no more than 
256 times. 


@ Circular buffers? TheTMS320C25 
doesn’t support them. | 


cular buffer wraparound. 

e The ADSP-2100 Assembler e The TMS320C25 is programmed 
supports the easiest language in with 133 mnemonics like SPAC, | 
the business. So you code a BGEZ, MACD, XORX, and SBRK. 
multiplication/accumulation A multiplication/accumulation is 

the same way you’d write the ADSP. 10) () coded as MACD >FF03*—-. While 
original algorithm. For example, this might not scare the XORX out... 
the algebraic R= R + X*Y codes . ? ofyou,it’snot theeasiestthingto 
as MR= MR + MX0*MYO0. debug or maintain. Se 


Were not saying the TMS320C25 is slow. But even if it were twice as efficient as it is now,it’d still be alot slowera 
DSP than the ADSP-2100. The fact is, the ADSP-2100 is out in front of the TMS320C25 in performance, readability of” 
~ code,and development tools. oe 
: Just how far out front? Get our free technical booklet and read about it. Or better yet, | ANA HNC 
DEVICE: 


get an ADSP-2100 sample kit for only $49.95 and see for yourself. To request either call 


_ Analog Devices, Inc., One Technology Way, PO. Box 9106, Norwood, MA 02062-9106; Headquarters: (617) 329-4700; California: (714) 641-9391, (619) 268-4621,(408) 559-2087; a4 
Colorado: (719) 590-9952; Maryland: (301) 992-1994; Ohio: (614) 764-8795; Pennsylvania: (215) 643-7790; Texas: (214) 231-5094; Washington: (206) 575-6344; Austria: (222)885504-0; 
~~. Belgium: (3) 237 1672; Denmark: (2) 845800; France (1) 4666-25-25; Holland: (1620) 81500; Israel: (052) 911415: Italy: (2) 6883831, (2) 6883832, (2) 6883833; Japan: (3) 263-6826." 
fe Sweden: (8) 282740; Switzerland: (22) 31 57 60; United Kingdom: (932) 232222: West Germany: (89) 570050. ‘EDN, “EDN’s DSP Benchmarks,” September 29, 1988. ae 
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Measuring the cost 
German engi 
at the crossroads 


Article and photographs by Gary Legg, 


Special Projects Editor 


This article is the first in an occasional series 
about engineering in Europe. 


n the Autobahn, traveling 

from Munich to Regensburg 
at 170 kilometers an hour, you get 
a feeling for what German quality 
is all about. Even at that high 
speed, the BMW rumbles softly like 
a large, lithe cat. When a sudden 
stop is necessary to avoid two cars 
that have been involved in an 
accident, braking is fast, 
smooth, and _ precise. 
Later, talking with engi- 
neers at Siemens AG, the 
international electronics 
giant whose headquar- 
ters are in Munich, the 
German attitude toward 
quality becomes appar- 
ent. It’s more than re- 
spect; it’s almost a rever- 
ence. 

And yet, as markets 
become more global and 
more competitive, that 
attitude is changing. In- 
creasingly, in order to re- 
main competitive, Ger- 
man engineers speak of 
shortening product-devel- 
opment times. Again and again, 
though it seems to go against their 
nature, they mention “stopping the 
design” when it’s “good enough” 
and of reducing component costs. 
More and more, they’re concerned 
with lowering overall costs. Their 
challenge, of course, is to reduce 
costs while still keeping quality at 
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an acceptable level. And for a Ger- 
man, “acceptable level” means 
“high.” 


Quality—or reliability, at least— 
isn’t even negotiable for Dr Alfons 
Hartl. Group leader of airbag elec- 
tronics for Siemens at the com- 
pany’s automotive-electronics divi- 
sion in Regensburg, Hart] explains 
that an airbag must fully inflate in 
30 milliseconds during an accident, 
and then it must quickly deflate. 


For Dr Anfons Hartl, group leader of airbag electronics at Siemens AG, 
product quality isn’t negotiable. In many car accidents, airbag deployment can 
mean the difference between life and death. 


The bag must work perfectly when 
it’s needed, and it must never in- 
flate when it’s not needed. Still, 
Hartl says, airbag prices must come 
down. The use of passive re- 
straints—either airbags or special 
seat belts—has been mandated for 
cars sold in the US beginning with 
1990 models. Airbags produced in 


volumes 


high are potentially 
cheaper than passive seat belts, and 
because several major companies 
are supplying airbag systems, price 
competition will be fierce. 

In the US, Hartl continues, 
manufacturing volumes are much 
higher in the automotive industry 
(and thus in the automotive-elec- 
tronics industry) than in Europe. 
Consequently, reducing the price of 
each individual component is impor- 
tant. “They stop the de- 
sign,” he says of some US 
engineers, “before [Ger- 
man engineers] would 
say it is finished. There 
are some [US] products 
on the market that we 
would not normally ac- 
cept.” To be competitive, 
he says, German engi- 
neers now have to “re- 
consider in our minds the 
design of such products if 
we want to have success 
in the US market. We 
have to think differently 
and figure out how to 
stop a design a little bit 
earlier and bring a prod- 
uct to market in the right 
time and at the right price.” 

Giuliano Visintini, a researcher 
for Siemens in Munich, concurs with 
Hartl’s assessment of German ver- 
sus American quality. A native Ital- 
ian who attended the Technische 
Universitat Wien (Technical Uni- 
versity of Vienna) in Austria and 
is pursuing a doctorate there, Vis- 
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intini has visited a number of 
American companies on two trips 
to the US. “In the US,” he says, 
“engineers are able to get accept- 
able quality in a very fast time and 
at a low cost, and then they start 
something new. In Germany, we 
work longer and try to get better 
quality, but at the same time we 
increase the cost.” 

Surface-acoustic-wave (SAW) de- 
vices, for which Visintini develops 
simulation models, illustrate his 
point. Siemens makes superior 
SAW devices, the researcher says, 
but they compete with products 
from other companies that are 
cheaper. In many companies, he 
says, “production cost is the first 
thing and quality is second.” 

But it isn’t simply a desire to 
keep improving a product that fos- 
ters German quality. Often, im- 
provements occur simply as a result 
of continued, long-term involve- 
ment by individuals. Because Ger- 
man engineers change jobs less 
often than their American counter- 
parts, they frequently have more 
opportunities to apply their under- 
standing and insight to improve- 
ments. On the average, German en- 
gineers work for only three employ- 
ers during an entire career. 

In his observations of US compa- 
nies and engineers, Visintini has no- 
ticed what he feels is a detrimental 
effect of personnel changes on qual- 
ity. Viable approaches to problems 
often get discarded in favor of new 
approaches, he says, simply be- 
cause a person who best under- 
stands an approach leaves for a new 
job. “If you’re in a company for only 
two years,” Visintini says, “you 
need the first year to understand 
what your problem is and the sec- 
ond year to solve it. If you stay a 
third year, you can make improve- 
ments, but if you go somewhere 
else, you can’t.” Engineers tend to 
stay at Siemens a long time, Vis- 
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Giuliano Visintini, an Italian who studied at 
the University of Vienna, now works for Siemens 
in Munich developing simulation models for sur- 
face-acoustic-wave (SAW) devices. German engi- 
neers’ concerns for quality, Visintini notes, often 
result in high development costs. 


intini notes; he and his colleagues 
are able to use and improve soft- 


ware that was first developed 10 


years ago, because some of its origi- 
nal developers still work there. 

Another factor that encourages 
quality work, according to Hartl, is 
that employees at German compa- 
nies expand their responsibilities 
across defined job boundaries. Be- 
cause boundaries between engi- 
neering jobs in Germany tend to be 
blurred, he says, an individual engi- 
neer is apt to tackle any problem 
that becomes apparent, even if it’s 
nominally someone else’s problem. 
At an American aerospace company 
with which he worked closely for 
three years as a supplier, Hartl ob- 
served just the opposite. There, he 
says, “Everyone looks for a well de- 
fined position and defines his 
boundaries. When a problem falls 
between boundaries, no one takes 
care of it unless it becomes very 
visible.” 

To Wolf Jaenecke, a Siemens pro- 
ject manager for telephone switch- 


ing systems, quality stems from a 
basic attitude. The US is market 
driven, he says, and Germany is 
quality driven. “Sometimes,” 
Jaenecke comments, “Germans and 
Americans just don’t understand 
each other.” 

The difference in outlook became 
apparent to Jaenecke a few months 
ago during an in-house seminar for 
cross-cultural training. In one of the 
seminar’s exercises, Siemens engi- 
neers were divided into an Ameri- 
can team and a German team and 
instructed to develop marketing 
plans for a fictional “fitness moni- 
tor,’ a device to be worn on the 
wrist like a watch. The German 
plan resulted in an expensive, high- 
quality product whose _ technical 
merits were to be heralded in ad- 
vertisements in upscale magazines; 
the American plan, in contrast, 
called for an inexpensive product to 
be sold in discount stores. 

The German and American teams 
even worked in different ways. The 
Germans’ first activity was to or- 
ganize their team, determining who 
would lead it and then deciding who 
would work on each of the tasks. 
Once they had established a struc- 
ture, the team members worked in- 
dividually. The Americans, on the 
other hand, hardly bothered with 
structure or individual tasks; their 
marketing plan was almost entirely 
the result of brainstorming. 


Structure with flexibility 


At Siemens, weekly meetings 
that last from two hours to half a 
day are obligatory as you move up 
the chain of engineering manage- 
ment. At lower levels, meetings are 
less likely to be required, but 
they’re still fairly common. Never- 
theless, Jaenecke believes that in 
one sense, at least, German manag- 
ers are less rigid than Americans. 
American managers, he says, some- 
times exert undue pressure on 
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American dream, German reality: a 372 


hour work week and six weeks or more 


of annual vacation. 


schedules to get a product to mar- 
ket on time. In general, however, 
Jaenecke gives American managers 
high marks; within American or- 
ganizations that he has observed, 
he has admired the clear lines of 
reporting, the strong group iden- 
tity, and the overall friendly, casual 
work atmosphere. 

Hartl, who supervises half a 
dozen or so engineers and is “about 
50% engineer” himself, seems any- 
thing but rigidly structured. Gre- 
garious and energetic (he was an 
avid sky diver and hang glider be- 
fore marriage and children), he fa- 
vors unscheduled, day-to-day con- 
tact over formal meetings. “For 
me,” he says, “it’s important to 
have good relations with the engi- 
neers.” Hartl also stresses the 1m- 
portance of listening to the engi- 
neers’ ideas and not forcing his own 
upon them. The notion that “we’re 
going to do this—no discussion—is 
the past. It’s no longer working.” 

What does work in Germany, in 
sharp contrast with the US, is a 
strong engineers’ union. Union 
achievements, in fact, may contrib- 
ute to the much praised German 
technical quality; with a standard 
37'4-hour work week and six weeks 
or more of vacation each year, few 
engineers are likely to be burned 
out on the job. Not all German engi- 
neers belong to a union, but those 
who do can’t be forced to work more 
than a certain number of hours per 
day (usually 10) or to work an ex- 
cessive number of overtime hours 
per month (usually 20). In some 
cases, the union may agree to addi- 
tional overtime, but engineers 
either get paid extra or get addi- 
tional vacation time for their ef- 
forts. At Siemens, engineers can 
earn as much as 10 additional vaca- 
tion days per year for working over- 
time, thus accruing a total of eight 
weeks. 

Often, however, German engi- 


EDN January 18, 1990 


neers donate a certain amount of 
overtime out of expediency. In most 
cases, they can receive extra pay 
or vacation time only if they apply 
in the preceding month, so in short- 
term crunches, they may work 
some additional time without extra 
pay. Many engineers, especially 
those who are young and ambitious, 
may also work overtime voluntarily 
to advance their projects. At 
Siemens’ Regensburg automotive- 
electronics division, for example, 
many engineers have only two or 
three years of experience. “They 
want to solve problems,” says 
Hartl. “All you have to do is give 
them some guidance so that they 
work in a common direction.” 

Most German engineers, in fact, 
are accustomed to being self start- 
ers, because their university educa- 
tion requires them to be. A student 
must pass an examination to get a 
diploma, but the education program 
is remarkably unstructured. Atten- 
dance isn’t required at lectures, for 
example, and a professor probably 


Spire of the 17th-century Theatinerbirche in Mu- 
nich, located near the headquarters of Siemens. 


won’t even notice a student’s ab- 
sence. There aren’t even required 
textbooks. Hartl, who undertook 
some graduate study at the State 
University of New York at Albany, 
was amazed that exams there were 
based on specified pages of specified 
books. 


Assessing a new Europe 


The flexibility that is so evident 
in German education, and which ap- 
pears to be reflected in companies 
such as Siemens, may be the key 
to the future for German electronics 
companies. West Germany is al- 
ready the dominant economic power 
in Europe, and it’s poised to in- 
crease its commercial standing 
through opportunities that are now 
appearing in a realigned Eastern 
Europe. Nevertheless, the coun- 
try’s electronics industry faces a 
continual struggle against larger 
American and Japanese industries. 
And even though the united Europe 
of 1992 will make pan-European 
trading easier for its members, the 
resulting common market will also 
create opportunities for non-Euro- 
pean companies. 

Many Japanese companies in par- 
ticular are well prepared for the 
changing European marketplace. 
Long accustomed to selling abroad, 
they have been quietly gearing up 
for a post-1992 Europe. Even the 
one area where German industry 
has long reigned supreme now faces 
a Japanese threat: New luxury cars 
from Japan are competing directly 
against the classic Mercedes and 
BMW. 

A major problem the Germans 
face, and one that they fully recog- 
nize, is that the Japanese are able 


| to produce quality that’s “good 


enough” (or better) at an attractive 
price. Although many German engi- 
neers dispute the notion of Japa- 
nese quality being equal to German, 
they concede that it’s nevertheless 
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high and, more significantly, less 
expensive to produce. 

Still, old attitudes die hard. Pride 
makes it difficult to design a prod- 
uct that’s just “good enough” when 
the traditional design goal has al- 
ways been “the best.” But if engi- 
neers at Siemens are typical of 
those throughout the German elec- 
tronics industry, then a new atti- 
tude is emerging that could make 
the difference between a future of 
growth and one of decline. 

Quality will remain high, accord- 
ing to the new attitude, and the old 
reverence for quality certainly 
won't disappear. Most German en- 
gineers will probably continue to 
strive for quality that’s more than 
just “good enough.” The difference 
now Is that, to be more competitive, 
they may have to settle for less than 


perfect. EIDIN 
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WHAT’S COMING 
IN EDN 


EDN Magazine’s February 1, 1990, 
issue will feature a staff-written 
Special Report on how add-on 
buses let you attach small I/O 
boards to your computer at low 
cost. Part 3 of the designer’s guide 
to flash-ADC testing concludes this 
design series with a discussion of 
the measurements you’ll need to 
fully characterize flash A/D con- 
verters. Also, Contributing Editor 
Bill Travis looks at analog com- 
parators that address TTL and 
ECL ICs. 

Remember to look for our regu- 
lar departments, and in EDN’s Feb- 
ruary 15 issue, look for coverage 
of static RAMs. 


Intelligent 
Data 
Acquisition 


DAP 1200™ 


Data Acquisition Processor™ 
for IBM PC/XT/AT/386 


Microstar’s DAP™ manages the entire 
data acquisition and control interface 
inside a PC. Onboard intelligence in 
the DAP speeds development and 
increases performance. 


* Onboard intelligence: 80186 
coprocessor 

* Acquires analog and digital inputs 
to 156,000 samples/seconds 

* Buffers and processes input data 

* More than 100 commands without 
programming 

* Commands include: Average, 
Scale, Peak Detection, Logic, 
Integration, Differentiation, 
Thermocouple Linearization, 
Closed Loop Control (PID), Event 
Detection, Auto-Range, Waveform 
Generation 


* FFT and FIR filtering without 
programming 

* Custom commands may be written 
in C 

DAP 2400™ also includes: 


* 10 MHz or 16 MHz 80C186 

- 20 MHz DSP56001 for 10 MIPS 
digital signal processing 

* Acquires analog and digital inputs 
to 235,000 samples/seconds 


* Updates analog or digital outputs to 
250,000 values/seconds 

* Performs 1,024 point complex FFT 
in under 10 milliseconds 


* Executes FIR filters in less than 200 
nanoseconds per tap 


Call for FREE Demo Diskette 


Microstar (206) 881-4286 


2863 152 Ave. N.E. _ 
Redmond, WA 98052 
LABORATORIES™ Z Fax (206) 881-5494 
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New SMD package SOT 223 - 
for power up to 1.5 W 


EDN January 18, 1990 


The new SOT 223 package from 
Siemens was created with powerful 
chips in mind. Without any extra 
cooling it can dissipate up to 1.5 W. 


SOT 223 is ideal for all substrates — 
even epoxy. And you can put it 
through any kind of soldering process, 
wave soldering too. The package 
measures 6.5 by 3.5 by 1.6 mm and is 
available right away on 12- mm tapes. 


SOT 223 comes with a variety of 

powerful chips, for applications in 
industrial, automotive, consumer 

and entertainment electronics. 


CIRCLE NO. 34 


For full details by return post write 
Siemens AG, Infoservice, HL 3206, 


Postfach 2348, D-8510 Furth 
quoting "SOT 223 power package’. 


TopTech 
Semiconductors 


Powerful chips packaged right 
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Pick a Star Card IC memory 
device and something rather 
magical happens: 

A world of possi- 
bilities is placed in the 
palm of your hand. 

Holding the 
Star Card gives you 
the industry’s most complete 
portable data storage and 
retrieval system. 

Unlike other devices, the 
Star Card has such features as an 
optional Card Disk File, a remov- 
able storage unit that can input 
or output data with as many as 
eight cards instantly. In addition, 
the Star Card System is available 
in a wide variety of RAM and 
ROM versions. 

rT Cannon is the only 
IC memory card manufacturer 
producing in the United States, 
with additional production and 
customer service in Europe and 
Asia to assure you multi-source 

availability world- 

wide. And the 

only com- 

pany that 

ee) 6manufac- 
tures its own 

interconnect system, designed 
specifically for the Star Card, 

and rated for dependable per- 

formance up to 10,000 mating/ 

unmating cycles. 

Since the connector is one 
of the most vital components to 
your IC memory card system, this 
kind of performance is critical. 

With such reliability, your 
applications for the Star Card 
are endless. Virtually any environ- 
ment where the space is confined, 
the conditions are rugged or the 
technology advanced. 

The future is yours to 
design with Star Card—the only 
complete IC memory card system 
available. For more information, 
please contact: 

ITT Cannon Components 
IS] East Deere Avenue 
PO. Box 35000 

Santa Ana, CA 92705-6500 


Telephone: (714) 2615300 
FAX: (714) 757-8301 CIRCLE NO. 35 


ITT Cannon 


AN ITT EMC WORLDWIDE COMPANY 
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TECHNOLOGY UPDATE 


Expect token-ring 
LANs to become 
popular beyond 
IBM installations 
as designers take 
advantage of the 
technical benefits 
they offer com- 
pared with Eth- 
ernet networks. 


Maury Wright, 
Regional Editor 
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TOKEN-RING BOARDS 


Standard efficiently 
allocates channel use 


ANs based on the IEEE 802.5 
token-ring standard offer sys- 
tem designers a way to imple- 
ment an extremely reliable 
network with a guaranteed al- 
location of network bandwidth to each 
node. Furthermore, signal collisions on 
busy networks do not degrade the band- 
width of token-ring LANs. However, 
most people use the token-ring standard 
because it is IBM’s network of choice. 
Outside of IBM installations, Ethernet 
LANs are more popular for office-auto- 
mation applications. But expect to see 
more token-ring LANs in nonIBM in- 
stallations. 

Six months ago only a few manufac- 
turers offered token-ring boards for 
IBM-compatible PCs. After Comdex, 
the number of manufacturers tripled. 
Likewise, more compa- 
nies now offer token-ring 
cabling systems and 
multistation access units 
(MAUs), or wiring cen- 
ters. Companies have 
also begun offering to- 
ken-ring boards for archi- 
tectures other than the 
IBM PC/AT and M1 
crochannel Architecture 
(MCA) buses. 

Token-ring LANs trans- 
mit data at 4M or 16M 
bps, but products that 
support the faster rate 
are just emerging. The 
availability of faster to- 
ken-ring boards will 
serve to further boost the 
popularity of the net- 
work. 


Token-ring- and Ethernet-based 
LANs differ only at the physical- and 
data-link layers of the ISO’s 7-layer OSI 
model. For more information on the ba- 
sics of the token-ring standard, see box, 
“The token-ring standard—IEEE 
802.5,” and Ref 1. Popular network pro- 
tocols such as TCP/IP (Transmission 
Control Protocol/Internet Protocol), 
TOP (Technical and Office Protocol), 
NetBIOS, and the evolving ISO proto- 
cols run on token-ring, Ethernet, and 
other physical- and data-link layers. 

The Ethernet technique offers a maxi- 
mum data-transfer rate of 10M bps but 
employs a CSMA/CD (carrier sense mul- 
tiple access with collision detection) 
scheme to allocate network bandwidth. 
In a heavily loaded network, collisions 
waste network bandwidth and, there- 


Shielded cable is not required for the TokenCard from Western 
Digital to achiev 
with popular network software such as Netware and NetBIOS. 


e its 4M-bps transfer rate. The card 1s compatible 
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TECHNOLOGY UPDATE 


Token-ring boards 


fore, reduce efficiency. The token- 
ring technique guarantees band- 
width for priority transmissions 
and, based on its implementation, 
can fairly allocate bandwidth to all 
nodes. 

In a heavily loaded network ap- 
plication, token-ring networks ap- 
proach 100% efficiency. Each con- 
secutive node captures the token in 
turn, and only overhead in the to- 
ken, addressing, and status bytes 
wastes bandwidth. Conversely, on 
a LAN with sparse traffic, the Eth- 
ernet technique offers the advan- 
tage of immediate access to the 
channel. Expect to see 16M-bps to- 
ken-ring LANs providing high- 
speed backbones between depart- 
mental Ethernet LANs due to the 
different operational characteristics 
of the two techniques. 

The token-ring technique also of- 
fers advantages in reliability and 
maintenance compared with the 
Ethernet technique. Ethernet 
LANs employ either bused coaxial 
cable to connect nodes in a bus wir- 
ing scheme or a star-configured 
twisted-pair medium with active 
hubs. The bused connections make 
the initial installation simple but 
make maintaining and changing the 
wiring and diagnosing problems dif- 
ficult. 

Token-ring LANs typically em- 
ploy a star configuration with pas- 
sive hubs, commonly called MAUs. 
You can isolate any node on a token- 
ring network by unplugging a cable 
or throwing a switch in the wiring 
closet. Likewise, you can isolate 
one MAU from a network and 
therefore isolate a group of nodes 
for testing. An MAU and the token- 
ring cabling scheme also let the net- 
work self-heal. Relays in MAUs and 
on interface cards and the shorting 
connectors used on MAUs and ca- 
bles automatically eliminate prob- 
lems with powered-down stations 
or disconnected cables. 

Token-ring interface cards should 
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The bus-master capability built into Thomas Conrad’s TC 4035 token-ring ae ele Riis 
transfers across the host IBM PC/AT-compatible bus. 


cost less than Ethernet cards. The 
Ethernet interface requires a digi- 
tal component to both transmit and 
receive data and an analog compo- 
nent to detect collisions. A token- 
ring interface only requires a digital 
receive and a digital transmit com- 
ponent. The popularity and volume 
of Ethernet parts, however, make 
them less costly. A  token-ring 
board for a personal computer typi- 
cally costs 50 to 100% more than 
an Ethernet board. 

Until recently, you had only a few 
products to choose from to imple- 
ment token-ring LANs. IBM offers 
this LAN for all its system prod- 
ucts. In addition, IBM offers its To- 
ken-Ring Adapter II ($650) for IBM 
PC/XT- and PC/AT-compatible sys- 
tems and the Token-Ring Adapter 
IV/A ($750) for MCA-based sys- 
tems. These boards only support 
4M-bps token-ring operation. The 
Token-Ring Adapter II only trans- 
fers data across the host bus in 8-bit 
increments. Neither product offers 
bus-master capabilities. 

These boards are compatible with 
IBM’s LAN Manager and _ the 


NetBIOS transport protocol. They 
use a 9-pin DB-type connector, and 
you can use shielded or unshielded 
dual twisted-pair cable with them. 
IBM also offers a 4-channel token- 
ring MAU that costs $727 and occu- 
pies a 1°4-in.-high space in a 19-in. 
rack. The IBM MAU includes con- 
nectors that short automatically 
when disconnected. 

Western Digital offers lower- 
priced alternatives to the IBM 
products. The TokenCard WS costs 
$499, includes a 3k-byte static- 
RAM buffer, and suits applications 


in NetBIOS or Novell (Provo, UT) 


Netware workstations. Western 
Digital also offers the TokenCard, 
which it recommends for servers 
and all IBM software environments. 
It costs $599 and includes the 
features of the TokenCard WS as 
well as a 128k-byte dynamic-RAM 
buffer and local protocol store. Both 
cards offer an 8-bit host interface. 
The cards include both a 9-pin con- 
nector and an RJ-11 phone inter- 
face. 

Gateway Communications also of- 
fers lower-priced alternatives to 
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IBM products. The company offers 
an 8-bit IBM PC-compatible card 
for $595 and a 16-bit IBM PC/AT 
ecard for $695. The cards include 
both connector types and support 
Netware and NetBIOS. 

Racore Computer Products offers 
an 8-bit token-ring board for only 
$399. The company also offers a 16- 
bit IBM PC/AT board and an MCA 
board for $499 each. You can spec- 


ify a $70 18k-byte buffer that sup- - 


ports the downloading of protocol 
software as an option. 


Bus masters speed DMA 

Recent announcements centering 
around boards that support 16M- 
bps operation and the _host-bus- 
master capability also promise to 
spur interest in token-ring LANs. 
Both features will let system de- 
signers take advantage of the per- 
formance potential of token-ring 


networks. Proteon has an IBM PC/ 
AT card that can act as a bus mas- 
ter; several other companies have 
similar new products. 

The IBM PC/AT bus has no pro- 
vision for bus masters to arbitrate 
for the bus, but a bus master can 
take over the bus and perform 
DMA transfers independently of 
the mother-board DMA controller. 
This technique, often called first- 
party DMA, increases the effective 


: The token-ring standard—IEEE & 802. 5 : 


. IEEE 802.5 defines a LAN based 


n token passing — 
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_ The first two bytes of the token then become a 
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bandwidth of the host bus. The po- 
tential for conflict exists, however, 
if you put several boards that can 
become bus masters in one system. 
Single-tasking MS DOS-based sys- 
tems can typically operate with 
multiple bus-master cards. 

Thomas Conrad Corp offers an 
IBM PC/AT-compatible board that 
supports bus mastering. The 
TC4035 board costs $595 and oper- 
ates at 4M bps. It includes Netware 


BYPASS RELAY 
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and NetBIOS drivers and is com- 
patible with IBM LAN software. 
You can also buy MAUs that sup- 
port as many as 16 stations from 
Thomas Conrad. The company has 
reaffirmed its plans to offer a token- 
ring board for EISA systems, but 
has no time table to introduce such 
a product. 

In the 16M-bps arena, IBM has 
been the first to ship products. The 
company offers the Token-Ring 


SHORTING CONNECTOR 


Network 4/16 Adapter for IBM PC/ 
AT compatibles and the Token- 
Ring Network 4/16 Adapter/A for 
MCA-based systems. The boards 
cost $895 each and operate at 4M 
or 16M bps, but they do not have 
bus-master capabilities. 

Although other companies have 
also introduced 16M-bps products, 
don’t expect volume shipments of 
such products until about midyear 
because board manufacturers ha- 
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ven’t been able to get token-ring 
chips. IBM developed a token-ring 
IC for 16M-bps operation and li- 
censed Texas Instruments to manu- 
facture the IC for sale to other 
board vendors. Texas Instruments, 
however, has met delays in produc- 
ing the IC. The company recently 
pushed back the schedule for vol- 
ume shipments until late this quar- 
ter. IBM builds its own chips, but 
virtually every other company’s 
16M-bps token-ring products use 
Texas Instruments’ IC. 

Manufacturers can soon expect 
other options for token-ring ICs. 
Toshiba America (Irvine, CA) intro- 
duced a 16M-bps IC and _ should 
have production volume about the 
same time Texas Instruments does. 
The Toshiba IC isn’t compatible 
with Texas Instruments’, but it will 
offer board manufacturers an alter- 
native. In addition, Ungermann- 
Bass (Santa Clara, CA) offers a 
16M-bps token-ring board based on 
a proprietary chip. However, the 
company only sells it as part of a 
bundled network system. 

Proteon, Lantana Technology, 
Racore Computer Products, and 
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Microchannel Architecture-compatible_to- 
ken-ring cards that offer bus-master capa- 
bility combine with IBM PC/AT-compatible 
cards in Lantana Technology’s Cypress fam- 
ily of token-ring products. 


Gateway Communications all re- 
cently introduced token-ring boards 
that support 16M-bps transfers. 
Furthermore, Western Digital and 
Thomas Conrad have made it clear 
that they are simply waiting for ICs 
before they announce similar prod- 
ucts. 

Lantana Technology became the 
first company to introduce an MCA 
bus-master card for 4M-bps token- 
ring networks last year. The com- 
pany recently introduced 16M-bps 
boards for the IBM PC/AT architec- 
ture and MCA. The boards should 
ship during the first half of the 


year. Proteon recently previewed 
EISA and MCA boards that run at 
16M bps but has not announced 
pricing or availability. 

Several recent announcements 
also point to the growing popularity 
of token-ring products outside the 
personal-computer market. Inter- 
phase now offers a token-ring board 
for VMEbus systems. The V/Token 
Ring 4212 Owl operates at 4M or 
16M bps and costs $3595. The board 
includes a 68020 wP that manages 
the network interface. Further- 
more, the board employs the 
MACSI (Multiple Active Command 
Software Interface) command inter- 
face, which all Interphase I/O 
boards use. MACSI simplifies the 
integration of token-ring LANs into 
systems that use other Interphase 
communication boards. 

You can also buy token-ring in- 
terface boards for DEC Q-bus and 
BlI-bus systems. Simpact offers 
hardware/software combinations 
that range from $7900 to $17,150. 
The boards support IBM’s LAN 
protocols and TCP/IP. 

Finally, MAU units are starting 
to go high tech. In the past, MAUs 
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Maximum IEEE-488 Performance 


for Your High-Speed AT Computer 


_|The National Instruments AT-GPIB .. . 
the new standard for IEEE-488 interfaces 


At last, a low-cost IEEE-488 PC/AT controller board can 
transfer data continuously at the maximum specified rate of 
1 Mbytes/sec. The key to this high performance is the state- 
of-the-art FIFO buffering and special last-byte handling 
circuitry of our custom gate array, Turbo488™. The 

| Turbo488 also conserves valuable computer bus bandwidth 
by packing 8-bit IEEE-488 data bytes into 16-bit words. 


| By moving time consuming software functions into 
hardware, the Turbo488 significantly reduces the overhead 
of a software driver too. The combination of the AT-GPIB 
and our streamlined software driver gives you the power 
needed for today’s high speed digitizers. 


The AT-GPIB is controlled by the de facto 
industry standard NI-488 software. NI-488 
has high-level routines that transparently 
handle IEEE-488 protocol and buffered DMA 
transfers. These routines can be used with 
any popular language and are the perfect 
match for the structured, hierarchical 
programming style preferred by users of 
high-speed, compiled languages such as C 
and Pascal. | 


Driver 


Benchmark Performance 
(tests per minute) 


Character NI-488 
vo 


ae: 


eae onR apa y 


If you are familiar with dedicated 
controllers, NI-488 gives you the op- 
tion of using our Universal Language 
Interface driver with any DOS language 
to program with Hewlett-Packard style 
commands. The speed of this driver is best 
suited for interpretive languages like BASIC. 


Your investment in National Instruments is a 

sound one. You can still run your existing NI-488 
programs yet automatically take full advantage of the 
Turbo488. If you’re just getting started, our interactive 
instrument control and menu-driven configu- 
ration utilities will get you up and running in 
no time. 

ie Your relationship with National Instruments 
does not end when you purchase our products. 
A staff of applications engineers is always a free 
phone call away. Demand the best IEEE-488 
controller available . . . give us a call today at 
(800) IEEE-488. 


Ask for a FREE Catalog 


ori 
Turbo488 


Turbo488 technology is standard on our boards for Micro Channel and Macintosh computers 


cy NATIONAL 
INSTRUMENTS 

The Software is the Instrument ™ 
12109 Technology Blvd. 

Austin, Texas 78727-6204 
(512) 794-0100 | 
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Data Acquisition 
and Instrument 
Control at Your 
Fingertips 


With the CEC 
genie your wishes come 
true. You can control 
any IEEE-488 (HP-IB, 
GP-IB) instrument, printer, or plot: “* ~ 
ter from your PC. CEC’s plug-in cards 
come with a software library of example pro- 


grams and utilities that let you spend more time 


solving problems than programming. CEC 


provides software support for BASIC, Pascal, 


ATYOUR COMMAND. 


Simply pop up our soft- 
ware over your program editor and 
choose a control function or library for your 
@ —_ instrument. Code is automatically 
generated from your choices. Press 
a key and the magic begins. 
The code appears where you 
want it in your program. 
Now, make your 
wishes come true by calling 
F 800-234-4232 for your 
FREE demo disk. 


Capital Equipment Corp. 


C,and FORTRAN. 
Ifyour wish is fora custom program, CEC 99 South Bedford Street 
also offers software that writes '488 programs. Burlington, MA 01803 


Tel: 617-273-1818 Fax: 617-273-9057 
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DONNA PONO (617) 558-4282 
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A Partnership in Power and Prestige Worldwide 


UPDATE 


Token-ring boards 


included little more than connectors 
and wiring, but now you can buy 


| units that have status LEDs and 


relays powered by connected nodes. 
Companies have also begun to offer 
units that surpass IBM’s 4-node ca- 
pability. 

Mux Lab, for example, offers a 
16-node unit that fits in the same 
1°4-in.-high rack as IBM’s 4-node 
MAU. The company plans to add a 
48-node unit that stands 3’4-in. high 
by the end of the first quarter of 
this year. The 16-node device sells 
for $2590; the 48-node unit will cost 
$7500. The Mux Lab products in- 
clude a shorting relay dedicated to 
each node and status LEDs. The 
units also have trunk-routing 
switches and employ RJ11 or RJ45 
connectors. 

IBM’s products require shielded 
wiring for 16M-bps operation, but 
for $50 Mux Lab will sell you a sig- 
nal conditioner that plugs into an 
IBM token-ring card and lets you 
use unshielded phone wire for 16M- 
bps needs. For customers who own 
IBM MAUs, the company offers 
signal conditioners for the interface 
between an MAU and an unshielded 
twisted-pair cable for $90. 

Expect the companies that offer 
16M-bps cards to include similar 
signal-conditioning capabilities. By 
midyear, such cards will be readily 
available for use with unshielded ca- 
ble, and the token-ring alternative 
will emerge from its IBM shadow 
to claim its place as a legitimate 
choice for all office networks. 


References 


1. Tanenbaum, Andrew, Computer 
Networks, Prentice-Hall, Englewood 
Cliffs, NJ, 1988. 
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“CERTAINLY, OUR 
DMMs GIVE YOU ACCURATE 
READINGS. THAT'S A GIVEN. 


BUT THERES MORE TO 
THEM THAN MEETS THE EYE. 
DROP ME A NOTE AND 
I'LL SHOW YOU.” 


Joseph F. Keithley, Chairman 


Lent Kit 


SEE FOR YOURSELF. 


From the outside they may look like your standard 
digital multimeters. They’re not. Keithley doesn’t 
make standard instruments. Quality — that’s what 
we re known for. And that’s a given with these DMMs. 

They’re designed, engineered, built to give you 
more features, more value. And as a result, more per- 
formance benefits at less cost than other DMMs. 

Put them on your bench or in an automated test 
system. They'll give you 100pA and 100nV sensitivity. 
Reading rates up to one million per second. Memory 
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to store readings. And even the portable units have 
automatic calibration over the IEEE bus. 

And anytime you want assistance, make one 
phone call and you'll get the answers you need from 
our Applications Department. This dedicated staff of 
engineers has the experience to help you with equip- 
ment selection and test system design. 

Drop us a note at 28775 Aurora Road, Cleveland, — 
Ohio 44139. Or call 1-800-552-1115, Ext. 394, for all the 
facts. You’ll see what you’ve been missing. 
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The Easy Wa' 


Drives Intelligent 


An FC-1, small enough to fit inside a 3.5” FDD, 
has the intelligence to handle device-independent 


control of 3.5 and 5%" FDDs for the host computer. 


At its best with 4MB perpendicular recording 
method drives like the TEAC FD-235J, and equally 
happy with formats down to 0.5MB, it is compact, 
lightweight, and competitively priced. Also offer- 
ing expansibility and reduced host loads, the FC-1 
is ideal for the widest possible range of 
applications. 

TEAC FDDs with built-in FC-1 SCSI controllers, 
including the FD-235HS and FD-235JS, are also 


available. CIRCLE NO. 40 


FDD SCSI Interface 
Controller 


FD-235J | 
3.5” Micro Floppy Disk Drive 


TEAC CORPORATION 3-7-3 NAKA-CHO, MUSASHINO, TOKYO, JAPAN TEL: (0422)52-5041 TLX: 2822451 FAX: (0422)55-2554 


Hong Kong, Nissei Sangyo Co., Ltd. Hong Kong Branch Tel: 3-343441-6; KARINELECTRONIC SUPPLIES CO., LTD. Tel: 3-898252 lSingapore, NISSE| 
ELECTRONICS, LTD. SINGAPORE BRANCH OFFICE Tel: 2357900; UAC SINGAPORE REP. OFFICE Tel: 2922608 lINew Zealand, DATAMATIC 
NETWORKS LIMITED Tel: 09-444-0760 MiAustralia, AWA DISTRIBUTION Tel: 02-888-9000 HlIndonesia, CHUGAI BOYEKI CO.,LTD. Tel: 370824 
Philippines, COMPEX INTERNATIONAL INC. Tel: 213020 Mlindia, Priya Electronics & Chemicals Limited Tel: 2863611 HiKuwait, Bader Al Mulla & 
Brothers Co. W.L.L. Tel: 2423250 MUnited Kingdom, TEKDATA LIMITED Tel: 0782577677; Data Peripherals (UK) Limited Tel: 0785 57050 EIF.R. Germany, 
nbn Elektronik GmbH Tel: 08152/390 MlAustria, nbn Elektronik GmbH Tel: 0316/40 28 05 HiNetherlands, SIMAC DATA B.V. Tel: 040-582933 HiBelgium & 
Luxemburg, SIMAC ELECTRONICS SPRL/BVBA Tel: 02/252.36.90 EiFrance, TEKELEC AIRTRONIC S.A. Tel: (1)4534-75-35 Mlltaly, A.E.S.S.E. S.p.A. Tel: 
02/54.64.741 HSpain, ATAIO INSTRUMENTOS S.A. Tel: 733 05 62 HPortugal, BASF PORTUGUESA LDA. Tel: (351) 1-562511 liSwitzerland, WENGER 
PERIPHERALS AG Tel: 01/830 75 55 ™iDenmark, Dansk Binzer Teknik A/S Tel: 03/66 20 20 Sweden, MACROTEC AB Tel: 08-733 02 20 Norway, 
SCANTELE A/S Tel: (02)65 69 20 MiFinland, INSTRUMENTARIUM CORPORATION Tel: 90-528 4338 

*If no distributor listed above is in your area, please contact us directly for further details about our products. 


TECHNOLOGY UPDATE 


Powerful personal 
computers run 
software that trans- 
forms a raw bit 
map, derived from 


an optical scan of 


a page of printed 
text, into an 


ASCII file. 


Charles H Small, 
Senior Editor 
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OPTICAL-CHARACTER- 


RECOGNITION SOFTWARE 


Inexpensive software 
reads printed material 


"n the aftermath of the computer 
revolution it’s clear that touch 
typists—not the meek—shall in- 
herit the Earth. If you're one of 
<i the unfortunate hunt-and-peckers 
who find that keying in text or data is 
a burdensome chore, take heart. You 
can now let your personal computer do 
this onerous job for you. Recently intro- 
duced, inexpensive software packages 
can transform the output of high-resolu- 
tion optical scanners into an ASCII file. 

Optical-character recognition (OCR) 
offers the promise of painless, com- 
pletely accurate data entry from printed 
material directly into your computer. 
Despite all the nifty things that imagina- 
tive people suggest you could do with 
your personal computer, EDN’s re- 
search reveals that engineers devote a 
major portion of their personal com- 
puter time to plain old word processing 
and spreadsheets. 

Engineers find them- 
selves having to enter 
bits and pieces of text 
and data into their word 
processors and_ spread- 
sheets from a variety of 
sources. These sources 
include spec sheets, price 
lists, printouts from 
mainframe computers, of- 
ficial and voluntary stan- 
dards documents, as well 
as reports from manufac- 
turing, quality  assur- 
ance, and field service. 
This list isn’t exhaustive. 
No doubt each engineer 
could think of many more 
such sources. 


Heretofore, OCR equipment was both 
expensive and not particularly useful. 
Early OCR equipment couldn’t read just 
any printed material; you had to prepare 
your copy on special paper and use a 
special IBM Selectric typewriter ball. 
Even the slightest smudge or mistrike 
could confuse the computer. Later, spe- 
cial, computer-readable character sets 
(or fonts) came along—the most recog- 
nizable being the MR11 (Fig 1). 

Such fonts are still very much with 
us. And you can get hand-held scanners 
with which to read them from makers 
such as Caere Corp. You can design 
these handheld scanners into applica- 
tions where you might alternatively use 
a bar-code a magnetic-strip reader. 

Although high-resolution scanning 
hardware has been available for some 
time, low-cost OCR systems that can 
read an entire page have not. That’s be- 


The OmniScan omnifont OCR software from Caere Corp can trans- 
late the output of handheld scanners as well as conventional page 
scanners. 
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With PlanarPak™ 
Microwave Surface 
Mount Components... 


DC to 18 GHz 


Your next microwave system 
needs more functions in less 
space. You're ready for the ad- 
vantages of microwave surface 
mount technology (SMT)... 
Avantek’s PlanarPak™ compo- 
nents. You'll get smaller sizer... 
lighter weight ...increased board 
density...and, circuits on both 
sides of the board. Your design 
team can put the system you 
need together faster...with 
lower risk and more control, 
with off-the-shelf PlanarPak 
components. More than thirty 


different high performance - 


PACK MORE PERFORMANCE 
INTO YOUR SYSTEM... 


PlanarPak components provide 

DC to 18 GHz coverage. All are 

90 ohm matched for easy micro- 

strip integration. Avantek offers 

the widest range of microwave 

functions in surface mount 

packages — 

e Amplifiers — .01 to 18.0 GHz 

e Attenuators — . to 2.0 GHz 

e Detectors — .02 to 6.0 GHz 

e Limiting Amplifiers — .01 to 
1.0 GHz 

e Mixers — .05 to 2.5 GHz 

e Switches — .(] to 2.0 GHz 

—with more functions on the 

way. PlanarPak components 

make complete surface mount 

microwave systems a reality. 


Designed for High 
Volume Applications 
in Demanding 
Environments 


These hermetically sealed, thin- 
film MIC components are de- 
signed for rugged operating 
environments...missiles... 
smart munitions ...expendables 


...and RPVs. Wherever size 
and performance are critical. 
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PlanarPak products are ideal for 
automated manufacturing. A 
proven technology...in volume 
production today at Avantek. 


Avantek Regional Offices 


North America 

Eastern: (301) 381-2600 
Central: (708 ) 358-8963 
Western: (805 ) 373-3870 
Europe: ( 44) 276-685753 
Asia: (01) (408) 943-5484 


SMT Application 
Assistance and Off- 
the-Shelf Delivery... 


Avantek, the world leader in 
microwave SMT, offers a com- 
prehensive selection of litera- 
ture, test fixtures, and technical 
assistance. And, all PlanarPak 
components are in stock at your 
local Avantek distributor for 
immediate delivery. Contact us 
today to receive PlanarPak 
products literature and the 
name and address of your local 
Avantek distributor. 


+Three sizes: .25 x .25 x Jl in, .375 x 
379X 15in and .4x 8x J5in | : 


AVANTEK 
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TECHNOLOGY UPDATE 


Optical-character-recognition software 


cause the real trick to reading fonts 
not expressly designed for com- 
puter input is lots of processing 
power and memory capacity in the 


computer, which mulls over the 


scanner’s output. 


Reading isn’t easy 

Consider the magnitude of the 
task the computer faces. First, a 
high-resolution, 300-dpi scanner 
will produce a 1M- to 2M-byte data 
file from a single 8 x 11-in. page. 

Also consider that the conserva- 
tive estimate of the number of com- 
monly encountered fonts is 2000. 
And, if the sheer number of differ- 
ent fonts isn’t enough of a problem, 
typesetters have their own little 
tricks that further complicate the 
OCR software’s job. In addition to 
proportional spacing, typesetters 
execute a process called kerning to 
slightly squeeze or expand the let- 
ters on a given line to make a col- 
umn’s margins exactly even. Thus, 
on a given page, even if the page’s 
printing uses only one font, not all 
of the letters on the page will be 
exactly the same shape. 

But if you look closely at printed 
material, such as the copy of EDN 
youre reading now, you will be- 
come aware that typesetters and 
magazine designers use a variety of 
fonts and character sizes on a given 
page to dress it up. And, while 
typewritten material generally has 
only one large column per page, 
typeset material often has multiple 
columns that snake hither and yon 
around the page. We’ve all had the 
experience of getting lost while try- 
ing to follow the column breaks 
around a badly layed-out page. 
OCR software can find such pages 
equally confusing. 

To be useful to engineers, OCR 
software also has to be able to read 
tabular material. And with the ad- 
vent of the laser printer and desk- 
top-publishing systems, typewrit- 
ten documents having nothing but 
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eng a pro |i 
Kamm from Greece to 


all year, 


The ReadStar Express OCR program combines omnifont scanning with optional training 
sessions to allow the program to recognize special characters. 


simple, consistent letters and no 
line drawings, tables, or photos are 
fast disappearing. Virtually anyone 
can now produce documents that 
have a variety of typefaces and type 
sizes, along with a rich variety of 
tables and artwork. 

Additionally, OCR software has 


CB ’?d 
Ot 


Amount Transit 


Fig 1—Computers have an easy time read- 
ing specially designed characters such as 
these. Recognizing printed characters such 
as those used in this magazine is much 
harder to do. 


to contend with a lot of artifacts 
on the page that are not text. Maga- 
zine pages and spec sheets have 
photographs and line drawings; 
they also have other embellish- 
ments and decorations (called ding- 
bats, believe it or not). Depending 
on a font’s design, OCR software 
can have trouble separating letters 
because between 10 and 50% of the 
letters in a given font can be joined. 
What’s more, the ASCII character 
set has far fewer total characters 
available than do fonts for typeset 
material. For example, typeset ma- 
terial uses different characters for 
opening and closing quotes where 
the ASCII character set has only 
one quote character. Typeset mate- 
rial uses different characters for mi- 
nus signs, dashes, and hyphens 
where, again, ASCII has only one. 

You should not be surprised to 
learn that effective, low-cost OCR 
software awaited the arrival of the 
more powerful versions of the IBM 
PC and the Macintosh. 

Right now, inexpensive OCR 
software for personal computers 
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TECHNOLOGY UPDATE 


Optical-character-recognition software 


breaks down into two basic catego- 
ries: “omnifont” software, which 
automatically recognizes any font, 
and “trainable” software, which you 
must train to recognize each new 
font as the software encounters it. 
Historically, OCR software pro- 
gressed from programs that recog- 
nized only a few, preprogrammed, 
computer-readable fonts, to train- 
able programs with which you could 
develop a library of fonts that the 
software could read. Using a train- 
able OCR program, you need to 
spend 5 to 15 minutes going over a 
page or two of text interactively be- 
fore the program will be able to 
read the new font reliably. Conse- 
quently, trainable OCR programs 
prove bothersome for some short 
documents or uncommon fonts. To 
make OCR programs useful for 
even a single page and to reduce 
the headaches associated with man- 
aging a library of fonts, vendors de- 
veloped omnifont OCR software. 


Companies keep secrets 


The inner workings of OCR soft- 
ware would probably be fascinating 
to learn about—if only the vendors 
would reveal them. Alas, they re- 
gard their algorithms as proprie- 
tary company secrets and will not 
discuss them in public. 

According to one OCR-software 
maker, Inovatic, first-generation 
OCR software uses matrix-match- 
ing techniques to recognize charac- 


ters. First-generation OCR soft-. 


ware compares the bit map of a 
character, pixel by pixel, with a ta- 
ble of pre-defined matrices, looking 
for a match. Because two scans of 
the same image rarely yield identi- 
cal bit maps, matrix-matching OCR 
software must have a relatively 
high tolerance for near matches. Af- 
ter all, the files comprise millons of 
bits. 

This requirement results in a 
degradation of accuracy as the fine 
information required to discrimi- 
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The Read-It! OCR software from Olduvai 
Corp comes with many common fonts al- 
ready entered into its libraries. 


nate between innately similar char- 
acters such as a “b” and a “6” often 
gets lost within wide tolerance lim- 
its. The associated matrices of the 
more complex fonts must perforce 
become more complicated; there- 


_ fore both recognition speed and ac- 


curacy tend to fall when these fonts 
are used. 

The next step for OCR software 
was the development of feature-ex- 
traction methods. Feature-extrac- 
tion software uses a set of rules 
about characters based on the char- 


ee 


acters’ appearance. A character 
comprising an arc attached to the 
top and mid-point of a vertical line, 
for example, could be a “p” or a “P..” 

The task of finding unique de- 
scriptions for all characters and 
then translating the descriptions 
into terms a computer can under- 
stand can be monumental. Try, for 
example, to describe the difference 
between “5” and “S” while keeping 
in mind that your description must 
apply to a wide variety of fonts. 
And consider that concepts such as 
“straight” and “vertical” can often 
be ambiguous when dealing with 
300-dpi representations of pages 
that are not always laid perfectly 
squarely on the scanner. 

Your instruction must also be 
able to distinguish between serifs 
(the decorative flourishes found on 
the endpoints of many characters), 
and truly distinguishing features. 
Handling all possible exceptions 
often results in a large feature-ex- 
traction rule base, which in turn 
consumes more memory than most 
PCs have. 

Inovatic claims to use proprietary 
“elastic” mathematical models in its 
“third-generation” OCR software, 
which it considers to be a better 


The Datacopy AccuText OCR program recognizes indents, tabs, margins, returns, and 


other page-formatting commands. The Xerox Imaging Systems’ program inserts the appro- 
priate codes for these page-formatting commands into the ASCII file it passes on to the 


computer's word-processing program. 
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Introducing Vivisun Series 2000, the programmable 
display pushbutton system that interfaces the 
operator with the host computer. The user friendly 
LED dot-matrix displays can display any graphics 
or alpha-numerics and are available in green, red 
or amber. They can efficiently guide the operator 
through any complex sequence, such as a checklist, 
with no errors and no wasted time. 

They also simplify operator training as well as 
control panel design. Four Vivisun Series 2000 


switches can replace 50 or more dedicated switches 
and the wiring that goes with them. In short, 
Vivisun Series 2000 gives you more control over 
everything including your costs. 

Contact us today. 


© AEROSPACE OPTICS INC. 


3201 Sandy Lane, Fort Worth, Texas 76112 
(817) 451-1141 « Telex 75-8461 + Fax (817) 654-3405 
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Programmable display switches. Making the complex simple. 


CIRCLE NO. 41 


TECHNOLOGY UPDATE 


Optical-character-recognition software 


method of character extraction. 

Presently, four vendors have 
low-cost OCR software. The soft- 
ware packages differ in two ways: 
some are omnifont while some are 
trainable, and some require an add- 
in board while some do not. Most 
claim to be able to digest the output 
of virtually all commercially avail- 
able, high-resolution scanners. 

Caere Corp claims its OmniScan 
omnifont OCR software can trans- 
late 40 to 115 eps from a consistent 
font. The characters being read can 
range in size from 8 to 72 points 
(one point~’/2 in.). In addition to 
automatically recognizing any font, 
OmniScan can separate drawings 
from text and read tabular mate- 
rial. You can also set it up to ignore 
certain portions of a page and to 
follow column breaks. 

The software can accept files 


tape DIP seal 


= Withstands vapor phase and infrared reflow 


soldering temperatures 


Call or write for literature and a free sample 


(617) 964-6400. 
FAX (617) 527-3062. 


82 


hice 


= Toggle = Rocker . “Pushbutton | . ‘DIP : 

= Sealed to eliminate the intrusion of ce : 
during cleaning processes 

= O-Ring actuator seal, epoxy terminal seal a 


from fax modems; it produces files 
compatible with Lotus 1-2-3, Micro- 
soft Excell, and Ashton-Tate 
dBASE, as well as files for most 
common word processors. 

OmniScan requires an IBM PC 
with 640k bytes of RAM, a hard 
disk, and MS-DOS 3.1 or later. It 
requires a mouse and runs under 
Microsoft’s Windows 2.0 or later. 
The package for 80286-based PCs 
comes with a Motorola 68020-based 
add-in board, which has 2M bytes 
of RAM. The version for 80386- 
based PCs requires no add-in board 
and runs under either MS-DOS or 
OS/2. 

Recently announced add-ons for 
OmniScan claim to enhance its accu- 
racy and expand its usefulness. Om- 
niSpell is a $99 spell checker that 
goes over the output of OmniScan 
looking for spelling errors. Omni- 
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Spell has dictionaries for 10 popular 
Indo-European languages and Fin- 
nish. 

OmniDraft also costs $99 and can 
make sense of the otherwise hard- 
to-scan output from dot-matrix, 
draft-quality printers. OmniTrace 
costs $150 and it converts bit- 
mapped artwork into PostScript- 
compatible artwork files. With Om- 
niTrace, you can scan both text and 
drawings and submit the converted 
files to the PostScript desktop-pub- 
lishing program. 

Caere offers package deals that 
include software, an add-in board 
(as needed), and a Cannon scanner. 
Prices for 80206 PCs range from 
$3185 to $4380, depending on the 
scanner selected, and $2085 to 


$3280 for 80386 PCs. 
Inovatic, on the other hand, does 
not package scanners with its Read- 


ale Components, Inc. 
15 Riverdale Avenue 
Newton, MA 02158 


The Primary Source Worldwide®. 
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Introducing 750kHz VME 
data acquisition. 


. again,we've left 
everyone in the dust. 


Plug in one of our new DT1492 Series Each features onboard memory for DT1498, you can even collect data from up 
boards, and your Sunor VMEbus computer —_gap-free data collection at high speeds. to 4 inputs simultaneously. _ 
can capture and output data at an astonishing Flexible channel and gain selection, When it comes to data acquisition 


750kHz. Which makes our VMEbus boards _ deglitched DACs, an external trigger, pacer speed and accuracy, we finish first. To 
ideal for those really tough applications that clock, and 16 digital I/O lines are standard raise your speed limits, call today. 


require you to track lots of data—fast. features too. | 
More surprising, though, is the flexi- As you might expect, DT1492 models Call (508) asl 3700 

bility you get with the DT1492 Series. 9 dif- can perform A/D, D/A, and digital I/O — 

ferent high performance models are available. functions simultaneously! With our FREE 1990 Data Acquisition 
| _ Handbook. 

Analog 
Resolution Throughput Output Throughput Digital a ia 

Model Channels bits Gain kHz Chis kHz 1/0 , 

DT1492 16SE/8DI i 12 1,2,4,8 40 2 130/DAC 16 

D11492-F 16SE 12 1,2,4,8 150 2 130/DAC 16 

DT1492-F 8D! V4 1.2;4,2 150 2 130/DAC 16 

DT1492-G 16SE 12 L24,6 250 2 130/DAC 16 

DT1492-G 8DI 12 1,2,4,8 250 2 130/DAC 16 

DT1492-L 4DI 12 l 750 2 130/DAC 16 

DT1495 16SE/8DI 12 1,10, 100, 500 40/2.5 2 130/DAC 16 

DT1497 ADI 16 ] 100 2 130/DAC 16 

DT1498 100 2 130/DAC 


World Headquarters: Data Translation, Inc., 100 Locke Drive, Marlboro, MA 01752-1192 USA, (508) 481-3700 Tx 951646 

United Kingdom Headquarters: Data Translation Ltd., The Mulberry Business Park, Wokingham, Berkshire RG1l 2QJ UK. (0734) 793838 Tlx 94011914 

West Germany Headquarters: Data Translation GmbH, Stuttgarter Strasse 66, 7120 Bietigheim-Bissingen, West Germany 07142-54025 

International Sales Offices: Australia (2) 662-4255; Belgium (2) 466-8199; Canada (416) 625-1907; China (1) 868-771 x4017; Denmark (42) 274511; Finland (0) 372144; France (1) 69077802; Greece (1) 361-4300; Hong 
Kong (5) 448963; India (22) 23-1040; Israel (52) 545685; Italy (2) 82470.1; Japan (3) 502-5550, (3) 348-8301, (3) 555-1111; Korea (2) 756-9954; Netherlands (70) 99-6360; New Zealand (64) 9-545313; Norway (2) 5312 50; 
Portugal (1) 545313: Singapore (65) 7797621; South Africa (12) 8037680/93; Spain (1) 455-8112: Sweden (8) 761-7820; Switzerland (1) 723-1410; Taiwan (2) 702-0405. 


Data Translation is a registered trademark of Data Translation, Inc. All other trademarks and registered trademarks are the property of their respective holders. 
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TECHNOLOGY UPDATE 


Optical-character-recognition software 


Star Express omnifont OCR soft- 
ware. Nor does it require an add-in 
board. The $995 program, unlike 
other OCR software, first com- 
presses the scanner’s output down 
from a megabyte-range file into a 
hundred or so “signs”—to use 
the term fashionable among semi- 
oticians. 

As a result of this compression, 
ReadStar Express can run on 
80286-based PCs without an add-in 
processor board because the com- 
pressed page file does not over- 
whelm such PCs’ 640k-byte memo- 
ries. Inovatic does not quote a char- 
acter-conversion rate for its pro- 
gram. 

The program automatically dif- 
ferentiates between text, graphics, 
headlines, and multiple columns. It 
can also recognize tables and auto- 
matically suppress images and lo- 


gos. One minor detail: You can sup- 
plement the program’s automatic 
analysis of a page with a manual 
training session. 

Olduvai Corp has two versions of 
its Read-It! OCR software: a $195 
version for hand scanners and a 
$495 version for page scanners. The 
trainable software runs on both 


IBM PCs and Macintoshes. The 


IBM edition runs under Microsoft’s 
Windows Graphical User Interface 
(GUD). 

The programs come with many 
common fonts already entered into 
libraries. It takes about 15 minutes 
for you to train the programs to rec- 
ognize another font, the company 
claims. The programs can handle 
from 6- to 48-point type. The hand- 
held-scanner version doesn’t just 
recognize special, computer-read- 
able fonts; you can use it, in con- 


junction with a hand-held scanner, 
to enter text and data from virtu- 
ally any source. You can also set it 
up to read tables. 

The software can read standard 
files from many common hand-held 
scanners, including the Logitech 
ScanMan, DFI, and The Complete 
PC scanner. It also works with page 
Scanners such as those from Canon/ 
Princeton, Microtek, and Hewlett- 
Packard’ Scanjet..The text files it 
produces are compatible with most 
word processors, database pro- 
grams, spreadsheets, and desktop- 
publishing systems. The program 
will run on an 80286-based IBM PC 
without an add-in processor board. 

Datacopy AccuText software 
from Xerox Imaging Systems 
(formed by a merger of Datacopy 
and Kurzweil Computer Products), 
purportedly brings artificial-intelli- 


THE 286 MICROENGINE" 


than 3 watts, yet it includes the electronic equivalent to the original IBM PC AT. An 
AWARD™ BIOS and access to all AT bus signals guarantee complete compatibility. 


IBM PC/XT/AT is a registered trademark of International Business Machines Corporation. 
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THE 286 MICROENGINE 
Is A MINIATURIZED 
AT-COMPATIBLE COMPUTER 
MODULE INCLUDING: 
© |OMHz 286 512K RAM 
ekKOM BIOS @AT BUS 
KEYBOARD CONTROLLER 
eKEAL TIME CLOCK 


FOR 
INFORMATION CALL: 
| 408 980-5400 
1 800 736-7736 


MITSUMI 


TECHNOLOGY, INC. 


3295 Scott Boulevard 
Santa Clara, CA 95054 
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KILL THE NOISE WITH 


MICRO/Q CAPACITORS 


Reduce voltage noise spikes in ICs by as much as a For all the facts, including the Micro/Q capacitor track 
factor of 10. Without redesign. Without using addi- record for noise-reduction in dynamic RAMs, EPROMs, 
tional space. static RAMs and boards that need EMI/RF' fix, call a 


With Micro/Q® decoupling capacitors from Rogers. Rogers’ Product Specialist today at (602) 967-0624 


(Fax 602-967-9385). And ask for a free sample. 
Micro/Q capacitors mount under the IC. Share mount- 
ing holes. To improve noise suppression where it's Technology for tomorrow built on TQC today. 


most effective —at the source. mn R O G = RS Rogers Corporation 7 
; ; : ; : Circuit Components Division 
Best of all, Micro/Q capacitors kill the noise without 2400 S. Roosevelt Street 


killing a lot of valuable time. Tempe, AZ 85282 
Micro/Q?® is a registered trademark of Rogers Corporation. DISTRIBUTION: Europe, Japan, Taiwan, Singapore, Hong Kong, 
Another MEKTRON® Interconnection Product. Korea, Brazil, Australia CIRCLE NO. 107 


MICRO/Q 1000 STANDARD CAPACITORS 


Improve board performance without redesign. 
Noise problems are solved by retrofitting on 
existing boards. 


MICRO/Q 1000 CUSTOM CAPACITORS 


Special pinouts are available to address the 
wide variety of specialty DIPs such as analog 
devices, op-amps, and the center pinout 
advanced CMOS devices. Applications include: 
decoupling, EMI/RF filtering, and compensation. 
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MICRO/Q 3000 CAPACITORS 


Reduces noise associated with the use of PGA 
and PLCC devices. Several part sizes are avail- 
able to address a variety of package sizes, 
Micro/Q 3000 is designed to be used with all 
16/32-bit MPUs, DSPs, GSPs, F'PPs, gate arrays, 
standard cells, and fully custom ASICs. 


MICRO/Q 2000 CAPACITORS 


Capacitance levels from 0.01 pF to 0.3 wF in ZoV 
and X7R temperature stable dielectrics. The 
unique molded construction provides for maxi- 
mum environmental protection. Suitable for use 
in both commercial and military applications. 
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Y Check List for Selecting a 


Data Acquisition 
System 


Are you looking for 


1 to 32 Channels per rack unit 
Plug-in Digitizers up to 200 Msps 
Memory to 512k pts / Channel 
Eight- to Sixteen-bit Digitizers 
MS-DOS Floppy & Hard Disk 


NOOO 


Call Hi- Techniques 


Pre - and Post - Trigger Viewing 
Complex Trigger Arrangements 
On-screen Trigger Parameters 


MO Ly 


Call Hi- Techniques 


Internal Processing 

Keyboard Data Manipulation 
Complete Computer Control from 
IEEE-488 (GPIB) & RS232 


Call Hi- Techniques | | 


Live Displays and Readouts 

Cursors - Absolute & Delta readouts 
User units for transducers & probes 
User-selectable labels for channels 


OOO 


MoO 


Call Hi- Techniques 


Internal registers for stored results 
Printer/Plotter connections 

Hi-Res plots with user comments 
Applications Programming Support 
Immediate Service Help via Toll 
Free Number 

On-site Training 


NM OOOOU 


1-800-248-1633 


Call TOLL FREE today 


Hi- f 
GY niques 
152 Owen Road, Madison WI 53716 
In Wisc: 608-221-7500 
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TECHNOLOGY UPDATE 


Optical-character-recognition software 


gence techniques to bear on the 
task of reading text. The $995 pro- 
gram runs with a 68020 accelerator 
card on either the Macintosh II or 
the Macintosh SE and requires 4M 
bytes of system memory. 

The program handles the output 
of most scanners including the com- 
pany’s various JetRead models, the 
Apple Scanner, and HP Scanjets. 
It can translate 6- to 24-point type. 
In addition to text, the software de- 
velops a range of formatting infor- 
mation, “hard” carriage returns, 
bulleted lists, and tabs for material 
organized in columns. 

AccuText can capture line-art im- 
ages, along with printed text, and 
generate user-specified half-tone 
images in standard image-output 
formats such as the one used for 
MacPaint. You can vary the resolu- 
tion of artwork from 75 to 400 lpi. 

The program also has a 50,000- 
entry dictionary. It employs usage 
information in the dictionary to re- 
solve ambiguous translations at the 
word level based on the word’s con- 
text. Most other OCR software sim- 
ply tries to recognize each letter in- 
dividually. The firm offers pro- 
grams with context-sensitive dic- 


Case Coc Olduvai Cap 
101 Medford-Mt Holly Rd 
Medford, NJ 08055 
(609) 953-0223 


Circle No. 716 


Inovatic 
1911 N Fort Meyer Dr, Ste 798 

_ Arlington, VA 22209 

_ (08) 5222063 ~Stit«és 


7520 Red Rd, Ste A 
South Miami, FL 33143 
(305) 665-4665 

Circle No. 718 


tionaries for English, Spanish, Ital- 
ian, German, Dutch, Swedish, Nor- 
wegian, and French. You can add 
up to 10,000 words of your own to 
the program’s dictionary. Reveal- 
ingly, the program is so automatic 
that it has no provision for user 
training. 


Scanner cost is high 

Although low-cost OCR software 
is now available, high-resolution op- 
tical scanners are still rather expen- 
sive. Perhaps hardware designers 
will be inspired to re-design high- 
resolution scanners to bring their 
prices down in line with the soft- 
ware’s. What’s more likely is that 
scanner prices will remain expen- 
sive while their performance will in- 
crease. Scanners’ resolution will in- 
crease from 300 to 400 dpi or even 
600 dpi, grey-scale resolutions will 
increase from 4 to 8 bits or 16 bits, 
and color scanners may even appear 
soon. 


Article Interest Quotient 
(Circle One) 
High 515 Medium 516 Low 517 


rieval Service 
ou contact any of the following 


m know y you saw their ox oductsin 


Xero. mocing Sptene 


1215 Terra Bella Ave 
Mountain View, CA 9: 
(415) 965-7900 
FAX 415-965-347. 
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OrCAD Systems Corporation, the 
world’s largest marketer of PC- 
based CAE software, has completely 
upgraded it’s popular printed cir- 
cuit board layout software. 

Now you can have all the power 
features you need for your board 
designs on the PC you already own. 


Twice the capacity 

OrCAD/PCB II has over double the 
capacity using a flexible, user-defin- 
able memory allocation system. The 
product now supports over 270 14- 
pin IC equivalent designs, 6000+ 
pads, 16,000+ equivalent track seg- 
ments. 


Twice the options 

OrCAD/PCB II comes with over 50 
different printer drivers including 
most popular dot matrix and laser 
printers, over a dozen plotter driv- 
ers and over 50 display drivers. We 
conform to your system better than 
anyone. 


Twice the features 

e Improved autorouting strategies 
means a faster route with more 
completions. 

e Design Rule Check available as 
OrCAD/PCB II runs. Parameters 
are user configurable. 

e Via and Track Optimization. 
Minimize vias and improve rout- 


ing automatically. 
OR8944-Intl. 


Call today for your demo disk 
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e On-Line module browsing and 
reading. Call up modules and 
browse through their graphic de- 
scriptions. 

¢ Gerber Viewer generates screen 


version of Gerber file to check out- 


put. 


Twice the value 
OrCAD’s commitment to you is that 


all of our powerful software will give 


you workstation performance with- 
out extra hardware, all handled 
within 640k RAM. 

And the price? The package comes 
complete with autorouter, printer 
and plotter support, excellent docu- 
mentation and more for a very rea- 
sonable price. 

The price also includes one year of 
technical support, free product up- 
dates and access to our 24 hour BBS. 


Curious? Try it yourself with our 
demo disk. 

Call for our demonstration disk and 
information packet. You'll see why 
more designers look to OrCAD for 
their design solutions. 


Systems Corporation 


3175 NW Aloclek Drive 
Hillsboro, Oregon 97124 
(503) 690-9881 
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[Ifyou would like more | 
information about this or any | 


| 

| other OrCAD product, | 

| contact your local OrCAD | 

: representative. | 

| AUSTRIA ITALY | 

| Dahms BRM Italiana | 

| Elektronik TEL: 011/771.00.10 | 
0316/64030-0 FAX: 011/771.01.98 

| Fax: 64030-29 | 

| ITALY | 

| BELGIUM MicroData | 
INEX Systems 

| (02) 649.99.91 0187/966123 | 

| Fax:(02)649.27.92  Fax:0187/988322 | 

| DENMARK/ SPAIN | 

| NORWAY Next-For S.A. | 

| NordCAD 504 02 01 | 
98 17 32 99 Fax: 504 00 69 

| Fax: 98 17 37 41 | 

| SWEDEN | 
UK Technology 

| ARS Micro- Partners | 

| systems (468)7909775 — | 

| (0276) 685005 Fax: (468)16 77 86 | 
Fax:(0276) 61524 

| SWITZERLAND | 

| FINLAND Logmatic AG | 

| Elektrotel OY 056/83 38 38 | 
(358 0)754-3122 Fax: 056/83 38 40 

| Fax: 754-2593 | 

| W. GERMANY | 
FRANCE Compware, 

| ALS Design GmbH | 

| | 
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architecture to support up to 
50 MHz performance. 
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Kontron higl every You find it alin = 
power feature on your list, including some you didn’tknow extraordinary new PLA/2 and KLA gh performo 


you could get. And some you can’t get anywhere else. logic analyzers, including your choice of portable, rack 


Like 96 channel width in a machine that also mount and desktop configurations. 
delivers 500 pS resolution. Advanced disassembly and Interested in performance? Call 800-227-8834 
transitional timing. Sophisticated trigger control and now. We'll express you the specs. No matter where 
timing correlation for unrelated events, all managed else you've looked so far, we aK KONTRON 
with the simplicity of our exclusive Rotary Mouse. promise you'll be impressed. 4 KN ELECTRONICS 


KONTRON ELECTRONICS, 244 Sobrante Way, Sunnyvale, CA 94086, Telephone (800) 227-8834 Kontron Technical Centers Boston (508) 921-4700, Baltimore (301) 792-4987, San Jose (408) 733-0272 
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Complete, real-time emulation solutions. . . 


-EZ-PRO 


15 


PRICE/PERFORMANCE LEADER 


For 8-bit in-circuit emulation, EZ-Pro 
1.5 provides large scale system support 

at a modest price. This includes an assem- 
bler, linker and debugger with each 
emulator at no extra charge. C compilers 
are also available. Processors emulated: 


46 different versions of the popular 8051 family; 
6301/03 family; 6309/E, 64180R0; 6502, 65C02; 
6800/02/08, 6801/ 
03/U4, 6805/E2/E3/. 
D2/C4/C8, 6809/E, 
68HC11/A0/A1/A8/ 
BiEZ Eo 3055) 
8039, 80C39, 
8040, 8048, 8748, 
8049, 80C49, 8050, 
8085, 80C85, Z80A/ 
aes ne ao 7 es B/H, NSC800, plus 
howe oe - : continual additions 
Gre such as 68HC11 D3 


FencouL 


| and FI. 
EZ-PRO 
2.1 
INDUSTRY WORKHORSE 


For 16-bit and 8-bit design sup- 
port, Series 2.1 systems couple the 
most versatility with the greatest 
reliability. They emulate all devices 
supported by EZ-Pro 1.5 plus: 


1802, 1805AC, 1806; 64180R0/R1/Z, Z180; 
68000, 68HC000, 68008, 68010; 8086, 
8088, 80C88, 80186, 80188, 80C188; 8096/ 
BH/90, 8396/BH/90, 8796/BH/90, 80196/ 
BH/90, 80C196; 8X300, 8X305; V20, V30 
and more processers as they come to market. 


EZ-PRO 


5.7 


THE POWER-PLUS SYSTEM 


For 32-bit CISC & RISC development, 
the sophistication, power and speed of 
EZ-Pro 3.7 assure important advantages for 
your embedded system designs. Call our 
marketing department for information — 
and availability. 


EZ-PRO 


/ 


AA-AUTHORED SOFTWARE 


EZ-Pro software optimizes your 
emulation solutions, with or without our 
hardware. It includes ANSI standard C 
compilers, assemblers & linkers for MS- 
DOS/PC-DOS host machines. 

Depth of the offer includes an emula- 
tion executive with C-source level debug- 
ging; optional 4K deep trace, performance 
analyzer, EPROM programmers and more. 

Our benefits continue with service 
programs, sales, leases, trials, trade-ins, 
rentals—all for customer satisfaction. 

Look at it from our ‘family’ to yours. 
We're an employee-owned company. We 
have a personal reason to treat you better. 
So please talk with us today: 

714-731-1661. 


rN american oer > 
automation Headquarters: 2651 Dow Avenue, Tustin, California 


92680-7207, Telephone (714) 731-1661. European Headquarters: UK Oxford 0993-778991. Distributors: Australia 
35-601011, Belgium 02-468-1400, France 1-69308050, India 44-4174 23, Indonesia 02-271880, Korea 02-784-994 2, 
Spain 1-729-1155, Switzerland 1-435-4111, Taiwan 02-7061271, West Germany/Netherlands/Austria 089-6127087. 


F7-Pro is a trademark of American Automation Inc. Microsoft is a registered trademark of Microsoft Corporation. 


Rincon 


Introducing AvCase’ 8051. 


Three finely-tuned instruments for 
embedded-system development. 


AvCase™ 8051 C Compiler, Assembler, and Simulator from Avocet. Play them solo, for peak performance. Or bring them together in 
perfect harmony as an integrated system. AvCase will manage all the steps—from editing source code, compiling, 


VW 


assembling, and linking, all the way to debugging. ® High-level language in the key of C. AvCase C 


Compiler is our biggest seller. It produces fast, tight, optimized code that helps speed development time. 


= Clear, concise scoring. AvCase Assembler is the classic Avocet assembler tuned-up and ready for 


your most demanding applications. ( = Full dress rehearsal without leaving your desk. 
. bug-free product—you simply can't do better than AvCase. 


AvCase Simulator lets you test code on yg your own PC. With the new source-level 
l 
tuned instruments. Fax, write, or call toll-free 1-800-448-8500 for complete information, including a 


anguage level. ® Let the music 


debugging feature you can work at both the C and assembly 
budget—and develop a high-quality, 


begin. If you want to meet your project deadlines—come in on 
Find out more about these finely- 


free AvCase Brochure and Avocet Catalog. 


AVOCET 


SYSTEMS? INC. 


Avocet Systems, Inc., 120 Union St., P.O. Box 490, Rockport, Maine 04856. Telephone 1-800-448-8500/in Maine, or outside the U.S. call 207-236-9055/FAX 207-236-6713. TLX 467210 Avocet Cl. 
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TECHNOLOGY UPDATE 


Four recently in- 
troduced CASE 
packages may help 
speed design, de- 
bug, and integra- 
tion chores for 
your embedded 
system. 


Margery Conner, 
Regional Editor 
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CASE FOR EMBEDDED SYSTEMS 


New software tools 
speed design and debug 


mbedded-systems design re- 
' quires a delicate hardware- 
software balancing act. The 
Atwo must be designed to com- 
ditedéa plement each other. If you 
ay es much effort in the design of 


one before checking it against the other, 


you'll face extensive redesign chores. 
Although excellent CAE tools exist to 
aid hardware design and simulation, 
similar tools for software design and in- 
tegration have lagged. In the past six 
months, however, four vendors have in- 
troduced computer-aided-software- en- 
gineering (CASE) tools specifically for 
embedded systems software design and 
integration. 

CASE tools have been around for a 
long time for batch-processing systems. 
Most of these tools, however, are for 
the code-design step, and are tools for 
documenting code design using a struc- 
tured-design methodology. Projects 
that use these CASE tools tend to have 
large teams of programmers who write 
millions of lines of code. Typical 
applications are in bank- 
ing or the military. 

Many of these struc- 
tured-analysis packages 
address embedded sys- 
tems by including ex- 
tensions for real-time 
programming. The Your- 
don-DeMarco method, for 
example, is one of the 
most popular structured- 
analysis methodologies, 
and the Hatley real-time 
extensions are the con- 
ventions used for indicat- 
ing how a software mod- 


ule reacts to a real-time interrupt. In- 
deed, the prevalence of these tools la- 
beled as “CASE” has made CASE syn- 
onymous with structured analysis. How- 
ever, for many reasons, few embedded- 
systems designers use structured analy- 
sis. First, most embedded-systems de- 
signers view structured analysis as a 
method to coordinate and document a 
project among many engineers. Also, 
relatively few engineers, perhaps 15%, 
are familiar with a structured-analysis 
methodology. 

In addition, there’s much more to em- 
bedded-systems software than code de- 
sign (Fig 1). Unlike traditional CASE 
tools for batch-processing systems, the 
embedded-system tools introduced re- 
cently by Mentor, Ready Systems, Ar- 
chimedes Software, and Integrated Sys- 
tems Inc (ISI) concentrate on the steps 
that follow code design: code writing, 
debug, integration, and performance 
evaluation. 

The four packages, which are listed 
in Table 1, are aimed at fairly specific 


Running on an IBM I PC or ENTE SimCASE uses multiple 
windows to provide information about its simulation of an 8051 pC 
running your C code. 
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THREE NAMES 
ARE STACKING 
UP BiG IN THE 
BUS BUSINESS. 


VACU68 


If you’re designing for bus systems, you 
should know these names: VIC, VAC, and ACL. 


They're IC building blocks that can en 


drive your system to maximum per- 
formance levels. 

The VIC068 brings real plug-and- 
play compatibility to the VME world. It’s 
a complete VMEbus Interface Con- 
troller on a single chip. Developed with 
a consortium of VMEbus International 4 
Trade Association (VITA) member firms, ° 
it’s fast becoming the standard for VME 
developers, worldwide. 

Since it’s a single-chip solution, the VICO68 
gives VME designers more board space for other 
features. And, it guarantees compatibility for 
boards from different suppliers. 

The VACO68 is a VMEbus Address Controller, 
designed as a complementary chip to the VIC. It 
provides address counters and the necessary 
hand-shake signals for block transfers. It also 
provides memory address decoding and, like the 
VIC chip, is highly programmable. The VICO68 
truly raises the level of integration for high-per- 
formance systems. 


VTC Incorporated 
Hard-Driving Bus Solutions” 
CIRCLE NO. 65 


FCT/AC) 


The VIC-VAC architecture provides a complete 

master interface, with unrestricted memory 

access to and from the VMEbus. Both chips 

are packaged in a 144-pin plastic or 
ceramic PGA. 

The VIC and VAC chips drive the bus 

directly, using the patented output 

drivers from VTC’s ACL (Advanced 

» ~©6d CMOS Logic) family. Our ACL parts 

— both FCT and ACT — have up to 64mA 


| drive, making them ideal for any high-perform- 


ance bus system. And, with significantly less 
ground bounce than competitive products, our 
FCT gives you better system performance. 

VIC, VAC, and ACL are available in commercial 
grade, or MIL-STD-883C compliant. 

And, these three names are just the beginning. 
There’s more to come in the ‘‘total VTC bus solu- 
tion.” So, get on board! And start driving your 
system to the maximum. 

VTC Incorporated, 2401 East 86th Street, 
Bloomington, MN 55425 USA. Fax 612/851- 
5199. Telex 857113. (In Minnesota, please call 
612/851-5200.) 


CALL 1-800-VIC-CMOS 
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kinds of embedded systems, so 
you'll need to know which package 
best suits your application. For ex- 
ample, Mentor’s Codelink Station is 
aimed at simpler systems operating 
without a kernel; Ready Systems’ 
CARDtools is aimed at systems 
operating under the company’s 
real-time kernel. Archimedes’ 
SimCASE supports only systems 
running on an 8051 pC (microcon- 
troller); Integrated Systems Inc’s 
Matrix tools can handle most gen- 
eral kinds of systems. 

Codelink does not assume that 
you have used a structured-analysis 
methodology for your code design. 
As long as your C code complies 
with IEEE-695A, Codelink’s Struc- 
ture Recovery portion reverse engi- 
neers your code to create a struc- 
ture chart. This structure chart 
serves as a graphical road map of 
your software that you use to select 
any portion of the code. Once you've 
selected the code, you can examine, 
modify, or run it on simulated hard- 
ware. In Codelink’s virtual mode, 
ISS (Instruction Set Simulator) 
generates object code from the 
source code you write. The object 
code then serves as the stimulus to 
the company’s hardware simulator, 
QuickSim, which flags any logic er- 


Real-time 
operating- 
system 
support 


Vendor/Tool 


CARDtools 
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Integrated Systems te Sun, DEC, 
_ matrix | independent Apollo, 
|. PCIAI, PS/e 


~~ 680X0, 
80X86, 
29000 


SPECIFICATION - 
PAPER DESIGN 


CODING 
MANUAL OR AUTOMATIC 


HARDWARE/SOFTWARE 
INTEGRATION | 


VERIFICATION. 


TEST, MAINTENANCE 


Fig 1—Embedded-systems software design 
tools differ from traditional CASE tools for 
batch-processing systems in that they con- 
centrate on the steps that follow code design. 


Table 1—Representative CASE tools for embedded systems 


Workstation Languages Price 


Sun 3, VAX Not 
mainframes language $7000 
and VAX- _ dependent 


rors. QuickSim runs in batch mode 
using the ISS-derived signal as the 
input stimulus to a bus-functional 
hardware model. 


De facto division of labor 


Be aware that timing conflicts are 
not automatically flagged; rather, 
they must be caught by the astute 
hardware designer. According to 
Rick Potter, general manager of 
Mentor’s CASE division, there is a 
wall between software and hard- 
ware development in most embed- 
ded-systems designs. Usually, the 
software engineer writes code inde- 
pendently of the hardware de- 
signer. He. added that the most 
likely scenario for coding is where 
the programmer hands the code off 
to the hardware designer, who will 
supervise the integration of hard- 
ware and software. 

Thus, you cannot specify the soft- 
ware’s behavior at the system level. 
The hardware simulator only tells 
you that it didn’t get the expected 
output for a given input vector; it 
doesn’t give you any analysis as to 
why you didn’t get the correct out- 
put vector. 

Also, be aware that if you should 
change the code, the structure 
chart is no longer any good. You 


Comments 


Matrix is an analysis, design, modeling, code 
generation and simulation package. 


CARDtools TaskTimer combines user esti- 
mates of application module and hardware 
timing with its calculations of VRTX timing | 
requirements to generate a system timing 
simulation. 


of 
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must rerun the structure-recovery 
software to have a valid chart. 
There is neither back annotation 
nor automatic checks to make sure 
that you indeed do rerun the struc- 
ture recovery software. 

Codelink supports embedded sys- 
tems that do not require an operat- 
ing-system kernel. Ready Systems’ 
CARDtools, on the other hand, sup- 
ports complex multitasking systems 
that use the company’s VRTX real- 
time operating system. And unlike 
-Mentor’s approach, which assumes 
that the ultimate responsibility for 
system integration is the hardware 
designer’s, CARDtools supports 
system design from a software de- 
signer’s point of view. For example, 
hardware is represented in simula- 
tions as a black box, whose only 
characteristics you know are its 
timing characteristics, such as re- 
sponse time. 

CARDtools contains TaskTimer, 
a system timing performance simu- 
lator. System timing depends on 
two factors: the application soft- 
ware and the operating system. 
TaskTimer derives the VRTX oper- 
ating system’s response time, but 
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By automatically generating C code, ISI’s AutoCode lets you try several different versions 


of your software before selecting the final one. 


you must estimate the time each 
module in your application software 
will take to run. 

Thus, TaskTimer’s simulation is 
only as good as your timing esti- 
mates for your application software 
and your hardware black boxes. 
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By displaying system timing results in a Gantt chart, TaskTimer lets you consider multiple 


paths, priorities, and shared resources in your embedded system. 
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But, by forcing you to perform a 
timing analysis at the very begin- 
ning of your design cycle, Task- 
Timer can point out ambiguities and 
potential trouble spots before any 
code is written or hardware de- 
signed. Also, as you refine the esti- 
mates, you can play a “what-if” 
analysis and evaluate your hard- 
ware. 


Software tradeoffs 


TaskTimer includes the pertinent 
specifications of target processors, 
such as cycle times or any required 
RAM or ROM wait states. By in- 
cluding these hardware parameters 
in a _system-timing simulation, 
TaskTimer lets you evaluate your 
options in processor hardware. For 
example, you can check if a 68010 
is fast enough. If not, you may be 
able to raise the system speed by 
using a 20-MHz version, rather than 
a 68020. Keep in mind that 
TaskTimer is concerned only with 
processor timing that affects how 
fast VRTX runs, so it doesn’t need 
to know about other system proces- 
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Visit us at the Design Engineering Its vast, electronic nervous system will 

Show in Chicago at Booth #1423. transmit enormous amounts of information at the 
speed of light thanks to surface-mountable electronic 
components constructed of materials from 

Eastman Performance Plastics, such as the advanced 
Ektar® Filled Blend PCT Polymer. 

Eastman is the only manufacturer of PCT, a 
material that allows the most efficient and economical 
manufacture of surface mounted components for 
vapor phase and infrared reflow-solderable printed 
circuit boards — the circuit boards of the future. 

If miniaturization and surface mount tech- 
nology are driving your need for better performance, 
greater reliability and increased economy, talk to us 
about Ektar® FB PCT Polymer and our full range of 
performing plastics. Call A. Laws at 1-800-EASTMAN or 
write to Eastman Performance Plastics, P.O. Box 1969, 
Kingsport, Tennessee 37664. 


PERFORMING PLASTICS 
FROM EASTMAN 


© 1989 Eastman Kodak Company 
CIRCLE NO. 46 
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® Ektar is a registered trademark of Eastman Kodak Company for its poly (1,4-cyclohexylene dimethylene terephthalate) 
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sors, such as a dedicated DMA 
controller. Note too that in the 
design phase you can assume multi- 
ple processors, but in simulation, 
only one. 

Along with its knowledge of the 
processor speeds, TaskTimer also 
can apply knowledge of external de- 
vices and their drivers. You can 
either define the external devices 
as drivers with a specified delay, 
which are completely opaque to 
VRTX, or you can define the de- 
vices as being under the control of 
VRTX. When these type of drivers 
run, VRTX essentially goes to sleep 
as long as the device is active. 
Nothing else can occur in parallel 
as far as VRTX is concerned. By 
involving VRTX, the operating sys- 
tem is able to let something else 
run in parallel with the device’s ac- 
tivity. 

CARDtools doesn’t have the de- 
gree of accuracy that Codelink of- 
fers, but you can use it on much 
more complex multitasking sys- 
tems. It also allows you to easily 
change software and hardware tim- 
ing characteristics while you’re still 
in the planning stage. An advan- 
tage to this flexibility is that you 
can closely examine your design 
partitioning—which tasks are done 
in hardware, and which in software. 

You probably won’t find this 
flexibility in most structured-analy- 
sis design packages, because struc- 
tured-analysis methodologies are 
usually in the form of data-flow dia- 
grams, which are concerned only 
with input. That is, through some 
transformation, the input becomes 
output. Real-time systems are con- 
cerned with the transformation it- 
self because the time the transfor- 
mation takes is critical. And the 
timing of the transformation will af- 
fect the software design. By esti- 
mating software and hardware 
module timing very early in your 
design, you can determine which 
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By converting your C source code to object code, Codelink allows you to check your 
software on Mentor’s QuickSim hardware simulator before you build any hardware. 


hardware and software constructs 
will be likely to meet your overall 
specifications. 

Most of the focus in new CASE 
products for embedded systems is 
for the 32-bit processors and con- 
trollers. Yet the vast majority of 
embedded controllers are 8-bit. Ar- 
chimedes Software has two CASE 
tools for the 8051 wC—SimCASE 
and SimI/O, which cost $995 and 
$695, respectively. 

SimCASE is an 8051 simulator 
that can run your compiled C pro- 
gram. It also contains an input 
stimulus generator that allows you 
to synthesize any possible input to 
the simulated »C. The advantage 
of running your code through a 
simulator rather than through the 
target system via an emulator is 
that in a simulator you can run 
worst- case input conditions. For 
example, in most cases an input 
switch may debounce in 1 msec, but 
worst-case time is 5 msec. In the 


target system the worst- case condi- 
tion may never occur, but you can 
force the condition with a simulator. 
You'll need SimI/O to simulate all 
input and output responses at the 
8051’s I/O ports. 

You can use SimCASE with one 
of the real-time kernels supplied by 
Intel for the 8051, but Archimedes 
Software anticipates that most of 
the work done with 8-bit systems 
won't require a kernel. 


Automatic code generation 


ISI’s embedded systems CASE 
tool set, Matrix, includes a code 
generator. Automatic code genera- 
tors are often derided for the ex- 
haustive thoroughness their specifi- 
cations require. By the time you’ve 
specified a software module to a 
code generator’s satisfaction, you 
could have written the code your- 
self. ISI claims that because its code 
generation is only for narrowly de- 
fined embedded systems, the gen- 
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“Vroom!” 


Turbocharge your memory for zero 
wait state design with Signetics 
fast 75ns PAL’-type devices. 


Vroom! Now you can 
get the zero wait state . 
performance that will : Fast RAM 
allow memory to keep | 
pace with the new 
ultra-fast micropro- 
cessors. And you 
won't have to pay 


top price for your = 7.5ns PAL-type device improves system 
memory to do it! performance. 


0 wait states 


Vroom! Boost system speed, lower memory cost. 
Signetics offers the fastest (7.5ns) PAL-type devices 
for high-speed decoding. Now you can design with 
slower, less expensive, more available memory 
devices and still enhance system speed. And all 
Signetics PLDs are easily supported by ABEL, 
CUPL or our powerful AMAZE design software. 


Vroom! We've got the guts! That’s right, 
we have those essential PLDs you need to improve total 
system performance. Programmable Macro Logic, Logic 
Arrays, Logic Sequencers and our PAL-type products that 
cut system cost while boosting system speed. 


Turbocharge your memory now! Call Signetics at (800) 
227-1817, ext. 985D, for a free High-Speed Decoder Hand- 
book. For surface mount and military product availability, 
contact your local Signetics sales office. 


PAL is a trademark of AMD/MMI. ©1988 NAPC 
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SUNRISE ELECTRONICS. INC. 


A WHOLE NEW WAY TO 
PROGRAM EPROMs, 
PLDs, and MCUs 


In-circuit Programming lets you 
program your EPROMs after they have 
been installed in your circuit card. It is 
the most efficient and most reliable way 
to program. It simplifies your 
manufacturing process and reduces your 
documentation. It also eliminates sockets, 
labeling and insertion related failures. 

Our programmers can program 
multiple data files into different cards 
simultaneously. In addition we test the 
cards automatically after they are 
programmed. 

Best of all, we do all the work for you. 
Sunrise in-circuit programmers can be 
delivered as complete turnkey systems, 
or you can develop your own interface 
using the built-in self guided menu driven 
software. 


T-8000 HIGH VOLUME 
IN-CIRCUIT PROGRAMMER 
@ Program 48 or more cards at a time 

@ 40 MB hard disk, dual floppy drives 

@ 660 Watts of programming power 

@ MS-DOS compatible 

T-6000 
BRIEF CASE 
PORTABLE 
IN-CIRCUIT 
PROGRAM- 


® Optional lift out UV board size eraser 
@ Program several boards in one pass 
@ 3.5 inch, 1.2 MB floppy 

@ Rugged, shock mounted case, water 
tight 


T-S000 TRANSPORTABLE 
MS-DOS BASED IN-CIRCUIT 
PROGRAMMER 

@ Program several boards in one pass 


@ 20 MB hard disk, 3.5 inch floppy 
@ Rugged, shock mounted construction 
Pe ch A aNd deci ce eal 


CAS BEST PROGRAMMERS 


T-4000 LOW COST 
IN-CIRCUIT PROGRAMMER 


@ Customer supplies iBM AT or 
compatible 

@ Program whole circuit cards in one 
pass 

@ Supplied turnkey or develop your own 
interface using built-in self guided, 

menu driven software 


AMERI 


See our complete line of Universal 
and Gang programmers 


SUNRISE ELECTRONICS. INC. 
524 S. Vermont Ave. Glendora, CA 91740 


(818) 914-1926 


FAX (818) 914-1583 
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erator can make many assumptions 
that simplify your code definition. 
According to Naren Gupta, presi- 
dent of ISI, most of the company’s 
customers are system designers 
rather than programmers, and sys- 
tems designers like to try several 
designs before selecting the final 
one. “Our users typically throw 
away a million lines of code before 
anyone else can write 10,000,” she 
said. 

The price for the package is com- 
paratively steep: a practical im- 
plementation can cost about 
$120,000, although portions of the 
tools are available starting from 
$20,000. As you might expect, cur- 
rent customers are large companies 
in the aerospace and automotive in- 
dustries. But if you need to be able 
to quickly generate, test, and dis- 
card different designs, then you 
may save many times the initial 
price over the life of the tools. 

It’s clear that CASE tools for em- 
bedded systems will give them 
more capability. Perhaps the big- 
gest area to watch for new product 
introductions over the next year 


will be from companies like Micro- 
Case and Hewlett-Packard, who, 
unlike the companies covered in this 
article, closely integrate hardware 
emulation with the software-devel- 
opment tools. Development tools 
for the embedded systems of the 
future will probably integrate soft- 
ware- and hardware-based tools 


like nothing presently available. 
EDN 
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For more information . . . 


For more information on the embedded 


systems CASE tools discussed in 


_ this article, circle the appropriate numbers on the Information Retrieval 
Service card or use EDN’s Express Request service. When you contact 
any of the following manufacturers directly, please let them know you saw 


their products in EDN. 


Archimedes Software, Inc 
2159 Union St 

San Francisco, CA 94123 
(415) 567-4010 

FAX 415-567-1318 
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IF-THEN-ELSE. Programmable 
Sequencers for advanced state 
machine design. From Signetics— 
who else! 


Clak! At last, advanced state machine design is easy. 
_Signetics Programmable Logic Sequencers (PLSs), 
including the new 
50MHz PLUS405, 
have a unique 
architecture that 
employs buried 
registers to store 
_ intermediate val- 
| ues. The result— 
| greater silicon and Advanced state machine designs become 
: pin utilization easy with Signetics sequencers. 
| with increased system functionality. 


Clak! IF-THEN-ELSE functionality. Signetics 
unique architecture makes complex IF-THEN-ELSE 
states possible. Connecting any AND term to any 

_ OR term (product term sharing) eliminates redun- 
dant state transition terms. And JK or SR type reg- 
isters optimize the logic used in generating state 
transitions. 


n addition, all our PLDs are supported by ABEL, 
CUPL or our powerful AMAZE software with auto 
est vector generation to make your job easier. 


Clak! We've got the guts! That’s right, we have 
those essential PLDs you need to improve total 
system performance. PAI®-type devices, Pro- 
grammable Macro Logic, Logic Arrays and our high- 
speed PLSs with buried registers that make advanced 
state machine design easier. 


Make your state machines state-of-the-art! 

Call Signetics at (800) 227-1817, ext. 987D, for a PLD 
Data Manual. For surface mount and military product 
availability, contact your local Signetics sales office. 


© 1988 NAPC 
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) 878-5538, Sterling Electronics-Wallingford, (203) 265-9535; DELAWARE, General 


“How many? How fast?” 


“256K for starters. Plus 144K and 64K. And 
the 144K at 20ns, is the fastest application 
specific Cache Data RAM available anywhere.’ 


“Great! When can we get our bands on them?” 


_ “They're available immediately. In quantity. 
Right now.’ | 0 


The addition of these state-of-the-art 250K SRAMs and 144K Cache 
Data RAM gives Toshiba the broadest line in the industry. More densities. 
More configurations. More speeds. More choices to fit your design needs. 
Toshiba high speed CMOS SRAMs are not only fast, they're reliable. 
And Toshiba has more than 20 years of CMOS experience. | 
You can cut qualification costs with Toshiba SRAMs, too. All the 
devices employ the same 1.0u CMOS process and aluminum master slice 
that’s common to all configurations within each density. So you can 


qualify by family. Toshiba High-Speed SRAMs 
The 20ns 
Cache Data RAM is | 64kx 1 64K 35 | 45 | 55 
160Kx 4 64K 25 
the fastest on the See Se Ss 
market. (25ns and ake a ba 
30ns versions are 8Kx 9 72K 25 
also available.) The | *F* °** ae : 
devices are user Sie 4 bck o 
configurable to 64K x 4(OE)| 256K 25 
either 4K x 18 x 2, | 2 ce 
or 8K x 18. The 16K x 12 192K module 
x 18 organization 16K x 16 256K module 


. PART cE Al2 tice (OE Vec PACKAGE 
BlVCS you (WO CX TC55187 _unlatched unlatched 20/25/30 10/10/12 +410% PLCC 
tra bits to support TC55188__latched _latched 20/25/30 10/10/12 _+10% PLCC 


the parity check required in specific applications like Intel’s 80486™ Both 
devices are provided with byte control, and on-chip address latches are 
designed to interface directly with the Intel 82385™ cache controller. Pin- 
out is compatible with other suppliers. 

Toshiba high speed SRAMs are ideal for high-end system designs. 
Anywhere you need top speed and fully static operation, Toshiba has a 
high performance solution. : : 
They offer a wide range of packaging options, too. Why not call to- 
day for a complete set of data sheets? Call 1-800-888-0848, ext. 517. 
service is our Rey component. 


In Touch with ‘Tomorrow | 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


© Toshiba America Electronic Components, Ine. TM Intel, 80486 and 82385 are trademarks of Intel Corporation. MST-012-88-1 


Milgray Electronics, Inc., (913) 236-8800, Sterling Electronics-Kansas, (913) 236-5589; NEVADA, Marshall Electronics Group, (916) 635-9700, (602) 496-0290, Sterling Electronics, (602) 268-2121, Western Microtechnology, (408) 725-1660; NEW HAMPSHIRE, Cronin Electronics, Inc., (617) 449-5000, Marshall Electronics Group, 
(617) 658-0810, Sterling Electronics-Boston, (617) 938-6200, Western Microtechnology, (617) 273-2800; NEW JERSEY, General Components, Inc., (609) 768-6767, Marshall Electronics Group, (201) 882-0320, (609) 234-9100, Milgray Electronics, Inc., (516) 420-9800, Sterling Electronics-So. Plainfield, (201) 769-7000; NEW MEXICO, 
Marshall Electronics Group, (602) 496-0290, Sterling Electronics-Albuquerque, (505) 884-1900; NEW YORK, Marshall Electronics Group, (516) 273-2424, (607) 798-1611, (716) 235-7620, Milgray Electronics, Inc., (516) 420-9800, (716) 235-0830, Rome Electronics, (315) 337-5400; NORTH/SOUTH CAROLINA, Marshall Electronics Group, 
(919) 878-9882, Milgray Electronics, Inc., (404) 393-9666; NORTH/SOUTH DAKOTA, Marshall Electronics Group, (612) 559-2211, Reptron Electronics, (612) 938-0000; OHIO, Marshall Electronics Group, (513) 898-4480, (216) 248-1788, (614) 891-7580, Milgray/Cleveland, Inc., (216) 447-1520, (800) 321-0006, Reptron Electronics, 
(614) 436-6675, (216) 349-1415; OKLAHOMA, Marshall Electronics Group, (214) 233-5200, Milgray Electronics, Inc., (214) 248-1603, Sterling Electronics-Tulsa, (918) 663-2410; OREGON, Marshall Electronics Group, (503) 644-5050, Western Microtechnology, (503) 629-2082; PENNSYLVANIA, General Components, Inc., (609) 768-6767, 
Marshall Electronics Group, (609) 234-9100, (412) 963-0441, Milgray/Cleveland, Inc., (216) 447-1520, (800) 321-0006, Milgray/Delaware Valley, Inc., (609) 983-5010, (800) 257-7808, (800) 257-7111; RHODE ISLAND, Cronin Electronics, Inc., (617) 449-5000, Marshall Electronics Group, (617) 658-0810, Sterling Electronics-Boston, 
(617) 938-6200, Western Microtechnology, (617) 273-2800; TENNESSEE, Marshall Electronics Group, (205) 881-9235, Milgray Electronics, Inc., (404) 393-9666; TEXAS, Marshall Electronics Group, (214) 233-5200, (915) 593-0706, (713) 895-9200, (512) 837-1991, Milgray Electronics, Inc., (214) 248-1603, Sterling Electronics, 
(713) 623-6600, (512) 836-1341, (214) 243-1600, Western Microtechnology (214) 248-3775; UTAH, Marshall Electronics Group, (801) 485-1551, Sterling Electronics, (801) 972-5498; VERMONT, Cronin Electronics, Inc., (617) 449-5000, Marshall Electronics Group, (617) 658-0810, Sterling Electronics-Boston, (617) 938-6200, Western 
Microtechnology, (617) 273-2800; VIRGINIA, Marshall Electronics Group, (301) 840-9450, Milgray/Washington, Inc., (301) 621-8169, (800) 638-6656, Sterling Electronics, (703) 742-8400, (804) 226-2190; WASHINGTON, Marshall Electronics Group, (206) 486-5747, Western Microtechnology, (206) 881-6737; WISCONSIN, Goold Electronics, 
(312) 593-3220, Marshall Electronics Group, (414) 797-8400, Milgray/Chicago, Inc., (312) 350-0490, Marsh, (414) 475-6000, Reptron Electronics, (612) 938-0000; CANADA, Marshall Electronics Group, (416) 458-8046, ITT Multicomponents, (604) 291-8866, (403) 253-8575, (204) 786-8401, (416) 736-1144, (613) 226-7406, 
(514) 335-7679, (902) 465-2350, Active Components, (514) 697-8676, (416) 636-8814, (613) 596-5340, (604) 294-1166. 
CIRCLE NO. 36 
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| a Not anymore. 
Today, you can get high-speed 
operational amplifiers so 
advanced, they don't rob your 
system of power. And, better 
yet, PMI brings you this out- 
standing performance without 
holding you up on cost! For 
example, PMI's dual OP-260 in 
an 8-pin mini-DIP package 
offers a slew rate of 1000V/uUs 
at the low cost of $7.95. 


Plus, we make it easy for you to 
design with our high-speed op 
amps. 


High Speed 


Low Cost. 


Slew Rate vs. Supply Current 
for PMI's High-Speed Op Amps 
pa citeae 


OP-260 
200 


e 
OP-64 


100 


SLEW RATE (V/us) 


50 


2.3 465 6 7 6 §:10 
SUPPLY CURRENT (mA) 


IPM/ 


Precision Monolithics Inc. 
1500 Space Park Drive 


Santa Clara, California 95054-3434 


. Low Power. 


PMI has developed "PMISpice,’ 
advanced SPICE models 
including J-FET, Bipolar, even 
current feedback devices. At 
last, accurate AC modelling! 


At PMI we've beat the trade-ofi 
between high speed and low 
power — at affordable prices! 
Circle the reader service num- 
ber below to receive complete 
information on PMI's extensive 
family of high-speed op amps 
and advanced SPICE models. 
In a hurry? 

Call us at 800-843-1515. 

Or, FAX us at (408) 727-1550. 


CIRCLE NO. 70 


ALTAMONTE SPRINGS: (407) 831-8233, ATLANTA: (404) 263-7995, BOSTON: (508) 794-0026, CHICAGO: (312) 250-0808, DALLAS: (214) 690-3495, DENVER: (303) 792-9595, 
DETROIT: (313) 930-2051, LOS ANGELES: (818) 886-6881, MILPITAS: (408) 263-9366, ORANGE COUNTY: (714) 637-9602, PHILADELPHIA: (215) 953-1070 
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tandards are made to be broken. And bettered. And 
built upon. At Brooktree, we've created a feature- 
laden, pin-compatible family of RAMDACSs that 
enable graphics systems designers to do just that. 


Brooktree is synonymous with high resolution color 
graphics. Now we've got the whizziest graphics chips alive 
for laptops, multi-window color, 8514A clones, true color 
and image capture. 

So get creative. Deviate. Get Brooktree. Because ran- 
dom selection may work fine for humans. But it’s designer 
deviation that paces PC evolution. 


Oops! In the headlong rush toward windows environ- 
ments, graphic-based applications and multitasking, color 
palette technology got left behind —almost. 


Each window ina 


multi-tasking 
environment can 
control its own color 
palette — if you 
design in the Bt479. 


Simply stated, each new application 
J brought to your system’s display will 
rewrite the RAMDAC with its own appli- 
cation-specific color palette, recoloring 
underlying applications in the process. 
Naturally there are some red faces over this. 

Voila! Introducing the Bt479, the first and only VGA- 
compatible RAMDAC that does windows right. It includes 
Our proprietary WindowVu™ architecture to provide four 
separate color palettes, each storing 256 different colors 
and supporting up to 16 windows at a time. 

To manage all that color we gave the Bt479 a window 
priority encoder that keeps track of each window’s physical 
location on the screen, its priority in the stack and which 
palette it prefers. 

For basic 640x480x4 VGA resolution, the Bt479 offers 
16 separate 16x24 color palettes. For enhanced VGA at 


800x600x8 or 8514A clones, each of the 16 windows may 
choose one of four 256x24 palettes. 

And because the Bt479 is pin-compatible with Bt471, 
Bt476 and Bt478, it’s easy to upgrade your system designs 
for multiple windows in color. 

SO show your true colors. Convert to Brooktree. 


yr miserf portables 


unless You 


In the laptop/portable game, every ounce, every milli- 
amp counts. So we created two highly integrated color 
palette RAMDACs that go to sleep whenever an external 
VGA monitor isn’t connected. Result: Power consumption 
plunges to under 5mW. 

The Bt475 is an 80 MHz 256x18 PS/2-compatible RAMDAC. 
The Bt477, also 80 MHz and PS/2-compatible, is a 256x24 


RAMDAC that is selectable for both 6-bit and 8-bit color. 

Both devices feature automatic power down capability 
when their analog outputs are not required, keeping the 
palette alive for instant access. 

There’s no snow in the forecast with the Bt475/477. We've 
included anti-sparkle circuitry to eliminate the scattered 
palette conflicts that can occur when reading or writing to a 
RAMDAC during active video. 

The on-chip voltage reference simplifies your 
design cycle, requiring just one external resistor to 
set the full-scale output current of the triple 8-bit 
DACs. And on-chip comparators verify proper con- 
nection of the CRT. 

So don’t just plagiarize desktop 
VGA circuitry for your laptop design. 
Innovate with Brooktree. 


rooktree is defining the future 
of Neat Visual Stuff, on the 
back end for presentation pur- 


8 


poses, and on the front end for image capture, too. 

Matter of fact, we’ve developed a team of highly inte- 
grated devices that make image capture easy and economi- 
cal for PC and workstation applications. 

The Bt251 is a monolithic CMOS single-channel, 8-bit 
A/D device for gray scale applications. Four input video 
sources. Sync detection with TTL compatible sync output. 
DC restoration. Programmable gain/offset. 256x8 LUT 
RAM. 

The Bt253 is the color version. It’s a monolithic CMOS 
triple-channel 8-bit device that digitizes three channels 
of video signals, generating up to 24 bits of color pixel infor- 
mation. 


Both devices digitize 0.7v to 1.2v video signals, with on- 
chip DACs that allow adjustment for contrast enhancement 
or nonstandard video levels. 

And both devices will be supported by our flexibility- 
enhancing, life-simplifying Genlock Controller. It's a mono- 


WindowVu is a trademark of Brooktree Corporation. Other marks mentioned are held proprietary by their respective companies. © Copyright 1989 Brooktree Corporation 


DV to he future lithic CMOS solution to programmable video 


timing, with programmable sync noise gating. 


——_ And it’s designed specifically for image capture 


applications. 

And if you think that’s all pretty neat, wait until you see 
our color space conversion chips and other image manipula- 
tion breakthroughs. Or maybe you would like to see a family 
of CCIR601 RGB/YCr/Ch image transmission solutions? 
Stay tuned. 


1 Dy.do u 


‘Hiss too short to not design the Brooktree way. So call 
EO IC for complete product details on our innova- 
Tc lditts and imaging ICs. Just use the secret phrase: 
UU Ua rooktree Corporation, 9950 Barnes Canyon 
RUMSEY UMA 92121. 619-452-7580. TLX 383 596. FAX 
619-452-1249. 
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PRODUCT UPDAT 


Cut-and-paste technique lowers cost and 
cuts design cycle for custom microcontrollers 


As the price of microcontrollers con- 
tinues to drop, the available selec- 
tion is becoming increasingly ho- 
mogenized. Although commodity- 
type pricing is attractive, to differ- 
entiate your product from your 
competition’s you should have a 
controller that suits the particular 
needs of your circuit. 

If you can order millions at a 
time, custom-designed controllers 
provide the best price/performance 
ratio. But for new projects or 
smaller production runs, the tens 
of thousands of dollars required for 
nonrecurring engineering. (NRE) 
charges alone make custom ICs im- 
practical. 

However, you can now order cus- 
tomer-specific integrated circuits, 
or CSICs (pronounced “sea-six”). 
By mixing and matching standard 
functional subsystems from the 
manufacturer’s library, you can re- 
duce or eliminate NRE charges and 
reduce the development cycle from 
years to approximately six months 
(from specification to working sili- 
con circuits). 


- eBHCOsC4 / 


POR=POWER-ON RESET 
TMR=TIMER 


SCI=SERIAL COMMUNICATIONS COP 


One significant difference be- 
tween CSICs and ASICs lies in the 
performance and density of the 
chips. CSICs are built from hand- 
packed, highly optimized and field- 
tested circuits that are based on ex- 
isting Motorola products. In con- 
trast, ASIC development tools use 
automated short cuts that compro- 
mise performance for the sake of 
expediency. 

Any alterations to the functional 
subsystems or microcontroller core 
and any rerouting of interconnec- 
tions are executed manually to en- 
sure high performance and quality. 
Peripheral functions include an as- 
sortment of memory modules, I/O 
ports, counters, timers, PWM out- 
puts, real-time clocks, A/D and D/A 
converters, comparators, display 
drivers, and DTMEF' generators. 
The resulting CSIC chips can cost 
less than $1 apiece, and you can or- 
der low-cost development tools for 
your CSIC that will help you create 
and debug your system software. 

Motorola makes each CSIC a per- 
manent part of its standard line of 


products; therefore, if you want to 
be sure that none of your competi- 
tors will have access to the CSIC 
you’ve conceived, you can pay some 
NRE charge in exchange for a tem- 
porary permit of exclusivity. 

In addition, if Motorola considers 
the quantity of microcontrollers you 
want to order too small to be practi- 
cal for CSIC development, it will 
provide you with an interactive 
computer disk that lets you specify 
the chip functions, cost targets, eXx- 
pected volume, and turnaround 
time you require. The company 
then adds your information to a da- 
tabase, and—whenever possible— 
will combine similar requests to 
achieve sufficient volume to justify 
initiation of the CSIC’s design. The 
company also screens requests to 
determine technical feasibility, 
profitability, and potential for be- 
coming a successful standard prod- 
uct.—J D Mosley 

Motorola Inc, 6501 Wm Cannon 
Dr W, Austin, TX 78735. Phone 
(512) 891- 3260. Circle No. 730 


7) 
EEPROM 


SIOP 


By treating Motorola’s microcontroller subsystems as building blocks, you can design customer-specific ICs that combine the high- 
performance characteristics of custom, hand-packed circuits with the low cost of ASIC development. 
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The biggest little pellet 
in the universe. — 


New pellet technology creates tantalum caps with 
built-in fuse or smaller case. 


NEC is using innovative tech- 
niques to pack more capacitance 
power into each micron of its 
tantalum pellets. Therefore you 
can have a built-in fuse without 
any increase in case size, or 

a smaller case without any 
decrease in capacitance value. 


Built-in fuse enhances safety. 


Our SVE-Series tantalums incor- 
porate a fuse to minimize 
damage from reverse current. 
Compatible with our R-Series, 


For fast answers, call us at: 
Tel:1-800-632-3531. TWX:910-379-6985. 

Telex:51923. Tel:08-753-6020. Telex:13839. 
Tel:0908-691133. Telex:826731. 

Tel:02-551-0450. Fax:02-551-0451. 


Tel:0211-650302. Telex:8589960. 

Tel:1-3946-9617. Telex:699499. 
Tel:3-755-9008. Telex:54561. 

Tel:4819881. Telex:39726. 


the SVE capacitors are ideal for 
noise absorption in computers, 
terminals or measuring equip- 
ment. Choose from 21 types with 
ratings from 1.0 to 33 wF and 
from 10 to 50V DC. 


10 uF power in 
the industry's smallest case. 


R-Series extended-capacitance 
chips offer ratings up to 10 yF in 
the A case measuring 1.6 x 3.2 x 
1.6mm. The extended R-Series 
consists of 46 device types with 


Tel:040-445-845. 
Tel:02-6709108. Telex:315355. 
Tel:02-719-2377. Telex:22372. 

Tel:03-267-6355. Telex:38343. 
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ratings from 0.47 to 100 wF and 
from 4 to 35V DC. 

NEC not only produces more 
tantalum caps than anyone in 
the industry, we also invest more 
of our resources in intensive R&D 
programs dedicated to giving 
you the best device for your 
design. To find out how our 
tantalums give you maximum 
performance per micron, call NEC 
today. Ask about the SVE-Series 
with the built-in fuse or R-Series 
extended-capacitance chips. 


NEC 


DATA ACQUISITION 


AND CONTROL 
SYSTEMS IS EASY 


WHEN YOU 


HAVE A GOOD 


LAST NAME. 
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__ You’ve known Keithley for years as the first name in 

Sensitive test and measurement instrumentation. Now 

 < ~~ we're the first name in PC-based data acquisition and 
control hardware and software, too. 


Introducing Keithley MetraByte/Asyst/DAC. The 


one company with the strength of three. 


By bringing together three of the leaders in the PC- 


9ased data acquisition and control industry, Keithley 


now offers you a single source for hardware and soft- 


ware with the expertise to put it all together. 


Keithley MetraByte and Keithley DAC manufacture 


the broadest range of high quality hardware in the data 
acquisition industry. Keithley Asyst supplies the ac- 
quisition and analysis software that works with the hard- 
ware from many manufacturers, as well as our own. 


All together, Keithley MetraByte/Asyst/DAC has 
the answers...to hardware questions, to software 
questions, to application questions. And it’s only one 
phone call away. You can reach the industry's most 
versatile technical support group at 508-880-3000. 


And if you'd like to meet the people that can answer 
the questions, we offer seminars in cities nationwide. 
It’s your chance to see how all the pieces fit together, 
discuss your application with an expert, and learn 
about the new products and support that could make 
your job a lot easier. 


Keithley MetraByte/Asyst/DAC has it all. And, it’s 
all in one catalog. Call 508-880-3000 and ask for 
your free copy. 


When it comes to PC-based data acquisition and con- 
trol hardware and software needs, it’s all in a name. 
Keithley MetraByte/Asyst/DAC. 


KEMHUEY METRABYTE/ASYST/DAC 


PC Data Acquisition Hardware and Software 


STD BUS 
80C186 


‘tre Ae 


with : 
RUN.EXE 


THE CARD... 
A high-performance computer on 
a single STD card. 10 MHz CPU, 
512K 16-bit wide RAM, 384K 
EPROM, COMI, COM2, LPT1, 
clock/calendar,watchdog. 
Operates in both STDMG standard 
transfer modes: 8-bit and 16-bit. 


THE FIRMWARE... 
Our popular RUN.EXE firmware 
lets you use your favorite PC 
language compiler and libraries. 
Then copy the .EXE file byte-for- 
byte into an EPROM and plug it in. 
Our "Implied AUTOEXEC.BAT" 
loads and runs your program on 
powerup. 


THE SAVINGS... 
At $395 in OEM quantity, the 
SB8186 doesn't blow your budget. 
RUN.EXE saves memory and DOS 
royalty money, while its companion 
PC/XBUG debugger saves 
development time. 


THE FaMILy... 
Don't need 16-bits and 896K 
memory? V20 RUN.EXE systems 
start at $285 in quantity. Call today 
for details on the SB8186 and other 
RUN.EXE family members. 


Dh enaawes 


1011 Grand Central Ave. 
Glendale, CA 91201 
(818) 244-4600 
RUN.EXE™ trademark MICRO/SYS, Inc. 


CIRCLE NO. 11 


116 


PRODUCT UPDATE 


Digital scope module 
extends logic analyzer 


The 380DSM digital-storage-oscillo- 
scope (DSO) module for Prism 3002 
series logic analyzers isn’t the first 
DSO to be paired with a logic ana- 
lyzer. Both Hewlett-Packard (Palo 
Alto, CA) and Orion Instruments 
(Redwood City, CA) have offered 
DSOs combined with logic analyz- 
ers. The distinguishing features of 
the 30DSM are a 300-MHz band- 
width, a single-channel sample rate 
of 500M samples/sec (250M samples/ 
sec dual channel), and 8-bit resolu- 
tion. These specifications make it 
the highest performing DSO to be 
integrated with a logic analyzer. 
One of the benefits of a combined 
logic analyzer and DSO is cross- 
triggering. The logic analyzer sends 
a trigger signal to the DSO when 
it detects a trigger event. A Prism 
3002 series logic analyzer and a 
30DSM combine to support a cross- 
triggering mode, in addition to 
other DSO triggering modes. 
Another benefit of the combined 
logic analyzer and DSO is a time- 
correlated display of digital and 
analog waveforms. On the same in- 
strument display, you can simulta- 
neously check analog and digital 
waveforms and their timing rela- 
tionships. This time-correlated dis- 
play helps speed your operations 
when tracking down problems or 
verifying circuit operation. 
Although the DSO module does 
not have as complete a set of auto- 
matic parameter measurements as 
you would find on a high-perform- 
ance stand-alone DSO, it does offer 
frequency, time-interval, ampli- 
tude, and cursor measurements. 
Some other features of the 
30DSM that are useful on repetitive 
waveforms are its averaging func- 
tion to reduce noise and its envelope 
mode to capture waveform vari- 


The 30DSM is a high-performance DSO 
module for the Prism 3002 logic analyzer. 
The module provides two 300-MHz band- 
width channels having 8-bit resolution. The 
DSO display is time correlated with logic 
analyzer data. 


ation over time. 

The digital-scope module stores 
data in a 32k-word record for single- 
channel acquisitions and in two 16k- 
word records for dual-channel ac- 
quisitions. Nonvolatile storage of 
waveforms and instrument setups 
are possible on the Prism 3002 se- 
ries platform disk. 

The 80DSM rounds out the capa- 
bilities of the Prism 3002 system, 
whose logic-analysis capabilities in- 
clude state analysis, or synchronous 
clocking, to 300 MHz; timing analy- 
sis to 2 GHz; and dual-threshold 
margin analysis to 200 MHz. The 
Prism 3002 also has ROM-emulation 
capability to speed debug opera- 
tions. 

The Prism 3002 series acecommo- 
dates any combination of logic 
analysis and DSO modules to a 
maximum of 10 modules. The 
30DSM sells for $6000. 

—Doug Conner 

Tektronix Inc, Logic Analyzer 
Div, Box 12132, Portland, OR 
97212. Phone (800) 245-2086. 
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When you need more than the basic SCC, we give you 


whole families of alternatives. Done right! 


At Zilog, we develop products the way 
you develop systems. Starting with our 
industry standard SCC, for example, we’ve 
developed families of serial communica- 
tions controllers that give you the system 
performance your applications call for. 
Smaller, more integrated systems are fast 
becoming true “systems on silicon?’ And 
Zilog’s Superintegration™ technology 
helps make denser, faster, simpler systems 
a smooth, natural evolution. With 
products that are fully upwardly com- 
patible, we solve your systems prob- 
lems on silicon. As new applications 
dictate new requirements, you can be 
sure Zilog will provide the new 
versions and the new generations 
you'll need. When you need them. 
Off the shelf. At a cost that makes 
sense. Isn’t that really the way 
things should be? Contact your local 
Zilog sales office or your authorized 
distributor today. Zilog, Inc., 210 
Hacienda Ave., Campbell, CA 
95008, (408) 370-8000. 
**Call factory for exciting information. 


Right product. Right price. Right away. . ZilGit5 


ZILOG SALES OFFICES: CA (408) 370-8120, (714) 838-7800, (818) 707-2160, CO (303) 494-2905, FL (813) 585-2533, GA (404) 448-9370, IL (312) 517-8080, NH (603) 888-8590, MN (612) 831-7611 
NJ (201) 382-5700, OH (216) 447-1480, PA (215) 653-0230, TX (214) 987-9987, WA (206) 
Munich (49) (89) 672045, JAPAN Tokyo (81) (3) 587-0528, HONG KONG Kowloon 


* Available now. 


523-3591, CANADA Toronto (416) 673-0634, UNITED KINGDOM Maidenhead (44) (628) 39200, W. GERMANY 
(852) (3) 723-8979, KOREA (82) (2) 552-5401, TAIWAN (886)s(2) 741-3125, SINGAPORE 65-235 7155, 
DISTRIBUTORS: U.S. Anthem Electronics, Hall-Mark Electronics, JAN Devices, Inc., Schweber Electronics, Vargas Electronics, Western Microtechnology, CANADA Future Electronics, SEMAD, LATIN 
AMERICA Argentina—Yel.-(1) 46-2211, Brazil—Digibyte (011) 581-1945, Semiconductores Profesionales (5) 536-1312. 
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prefers our Spectrum and 
Network Analyzers. 


he technical world associates Wandel & Goltermann with peak performance in 

electronic measurements. In five decades we have become a world leader in 
measuring-technology for analog and digital transmission systems. Our leadership in 
experience has been used to particular advantage in our Spectrum and Network Ana-_ 
lyzers. You can always expect the best from Wandel & Goltermann. Our SNA Systems 
offer new dimensions in peak performance. User friendliness and ultrahigh : 
product quality are our hallmarks. Let’s take an example: in the realization of our 
Synthesizers we have made no compromises. The high spectral purity and 
exceptional stability allow, in conjunction with the 3 Hz bandwidth, measure- 
ments of the best quality reproduction and resolution. Return the reply card 


or write to the following address for full information about the entire 
SNA-family. 


USA: Wandel & Goltermann, 
Inc., 1030 Swabia Court, R.T.P., NC 27709, 
Tel.: (919) 941-5730, Telex II: 810-621-0002, 

FAX (919) 941-5751. Canada: 
Wandel & Goltermann Inc., 21 Rolark 
Drive, Scarborough, Ontario M1R3B1, 
Tel.: (416) 291-7121. Worldwide: 
Wandel & Goltermann, 
VMW, Postfach 1262, 
D-7412 Eningen, 
Tel. +(49) 71 21-86-0, 
TIx. 729833 
Fax +(49) 7121-88404 
CIRCLE NO. 131 


Please Visit Us at CeBIT 
Hanover, 21.-28.3.90 
118 Hall 13, Stand A18/B17 
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Although seemingly 
mundane, voltage 
references play an 

umportant role in a 

wide range of appli- 
cations. Manufac- 
turers offer a vari- 
ety of types from 
which to choose, but 
choose carefully and 
with an eye to what’s 
important for your 
application. 


Monolithic IC voltage references, such as the REF 102 
from Burr-Brown, are lowering the price of long-term preci- 
ston. (Photo courtesy Burr-Brown Corp; photography by 
Brad Hansel, Eglin Photography) 
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Voltage 
references 


ntegrated-circuit voltage refer- 
ences are available in a variety of 
voltage ratings and package styles 
and with widely differing specifica- 
tions. All, however, base their perform- 
ance on the action of either a zener diode 
or a bandgap cell, each of which has its 
own peculiar set of characteristics. The 
most widely used reference is probably 
the temperature-compensated zener di- 
ode, particularly for voltages above 5V. 
Although bandgap cells are often scaled 
to provide voltages as high as 10V, the 
principal advantage of a bandgap refer- 
ence lies in its ability to provide a stable 
low voltage such as 1.2, 2.5, or 5V. Be- 
fore looking at the specifications of some 
of the available devices, consider how 
each of the two basic types works. 
Although discrete zener diodes are 
available in voltage ratings as low as 
1.8V to as high as 200V, they don’t make 
very good references. The typical 10% 
tolerance and poor temperature charac- 
teristics of these devices preclude their 
use in applications requiring even a 
moderate degree of precision and stabil- 
ity. Moreover, zener diodes rated at less 
than about 6V suffer from high output 
impedance. For these reasons, discrete 
zener-diode-based references include 
temperature compensation and, in the 
case of IC types, the additional circuitry 
needed to obtain specific performance 
objectives. 
A zener diode has two distinctly dif- 
ferent reverse-bias characteristics: 
zener breakdown and avalanche break- 
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down, both of which are evident in the 
4- to 6V range. The zener breakdown 
voltage (Fig 1) decreases as the tem- 
perature increases (negative TC); the 
avalanche breakdown voltage increases 
as the temperature increases (positive 
TC). At low current values, the zener 


‘effect dominates; at higher values, the 


avalanche effect dominates. Because 
these current-dependent effects oppose 
each other, you can, at least theoreti- 
cally, cancel them by adjusting the oper- 
ating point, thus obtaining a TC of zero. 


Practical temperature compensation 


Another way to provide temperature 
compensation is by connecting a conven- 
tional forward-biased diode in series 
with a zener diode operating in the ava- 
lanche mode. In this case, the negative 
TC (—2 mV/°C) of the conventional di- 
ode cancels the positive TC of the zener 
diode. Manufacturers use this method 
in most zener-based references. 

If you’re primarily concerned with 
temperature stability and the exact ref- 
erence voltage is unimportant, a good 
combination might be a 5.6V zener diode 
in series with a single forward-biased 
diode. Fig 2 illustrates this simple cir- 
cuit. The 0.7V_ typically developed 
across forward-biased diode D, adds to 
the 5.6V of zener diode D, to provide a 
temperature-compensated reference of 
about 6.3V. Resistor R, sets the current 
level through the diodes. Although you 
can buy such a diode combination in dis- 
crete form (the 6.2V 1N821 series is 


Dave Pryce, 
Associate Editor 
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Although they are available in a wide range 
of voltages, the typical 10% tolerance and 
poor I'C of a conventional zener diode pre- 
clude its use as a reference. 


25°C 65°C 


AVALANCHE 
BREAKDOWN 


ZENER 
BREAKDOWN 


Fig I—A zener diode has two different breakdown characteristics. 
In the zener mode (a), the breakdown voltage decreases with increas- 
ing temperature. In the avalanche mode (b), the breakdown voltage 
increases with increasing temperature. 


similar), most voltage references come in IC form, 
which offers advantages over discrete versions. 

In its most basic form, the circuit for a zener-based 
IC reference is similar to that of Fig 3. The IC can 
be either a hybrid or monolithic type; the choice de- 
pends on the manufacturer’s objectives and processing 
capabilities. In this circuit, R, provides the startup 
current for the diode combination, thus setting the 
positive input of the op amp at Vz. Rg sets the desired 
bias current for the diode combination. The current 
through Rs equals (Voyr—V,)/Rg and remains at that 
value, independent of the supply voltage and amplifier 
loading. 


NEGATIVE 
TC 


TC=0 


POSITIVE 
TC 


Fig 2—In this simple voltage reference, the voltage across forward- 
biased diode D, adds to the zener voltage of D, to provide an output 
of 6.3V. The negative TC of D, cancels the positive TC of D. to provide 
temperature compensation. 
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A zener-based IC reference has several advantages 
over a simple discrete reference. Manufacturers can 
scale the output voltage to a value different from that 
of the zener voltage and, by trimming the ratio of R, 
to Re, set the output voltage to the desired accuracy. 
It’s also possible to trim R; to optimize the bias current 
of the zener diode, thus decreasing its output tempera- 
ture coefficient. 

Many of today’s monolithic zener-based references 
have ion-implanted buried zeners, which exhibit supe- 
rior TC characteristics and better stability over time 
than do surface-based zeners. TC specifications as low 
as 1 ppm/°C are possible for a buried-zener reference. 
Compared with a bandgap reference, a zener-based 
reference also has less output noise because the zener 
voltage needs less amplification than does a 1.2V 
bandgap cell. Although frequency dependent, a typical 
10V bandgap reference might have two to three times 
more noise than an equivalent zener-based reference. 


Consider the bandgap reference 


Bandgap references are available with output-volt- 
age ratings of about 1.2 to 10V. The 1.2, 2.5, and 5V 
types can operate from lower supply voltages than can 
zener-based references, a distinct advantage in some 
applications. Although bandgap cells typically have a 
lower output impedance than low-voltage zeners, the 
additional circuitry used in both bandgap and zener- 
based references usually masks any difference. 

Because the bandgap voltage of about 1.2V is often 
scaled to a higher voltage by an internal amplifier, 
bandgap references of 5 and 10V tend to have more 


Fig 3—This basic IC reference uses a temperature-compensated 
zener diode, an op amp, and voltage divider R, and FR. to scale the 
zener voltage to a higher output voltage. 
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noise than equivalent zener-based references, which 
need much less amplification. Moreover, the TC of a 
well-designed bandgap reference, although very good, 
is not quite as good as that of the best buried-zener 
references. Typically, the TCs of bandgap references 
range from about 5 to 50 ppm/°C. 

The operation of a bandgap reference is based on 
the difference between the forward base-emitter volt- 
age (Vp) of two similar transistors operating at the 
same current but at different current densities. Ex- 
trapolated to absolute zero, Vpg is equal to 1.205V, 
the bandgap voltage of silicon. By adding a voltage to 
Vue that increases proportionally with temperature at 
the same rate that Vpp decreases, a bandgap reference 
can, theoretically, generate a constant 1.205V at any 
temperature. Practically, however, designers can only 
approach that ideal. 


COMMON 


Vour = Vz (1 +z) 
Ny = Vee + 


Vee = “Stn (54) 


u2 (=) A Vee 


Fig 4—The operation of bandgap reference depends on the differ- 
ence between the base-emitter voltage of two similar transistors 
operating at different current densities. In this basic circuit, the 
emitter area of Q, is eight times that of Q:. And although both 
transistors operate at the same current, their current densities 
are vastly different. 


EDN January 18, 1990 


Fig 4 illustrates the basic operation of a bandgap 
circuit. In this circuit, the emitter area of Q, is eight 
times that of Q,. Calculations show that this ratio pro- 
vides a near-zero TC by generating an optimum differ- 
ence in current densities (J, and J.) between Q, and 
Q,. Ref 1 and Ref 2 provide a rigorous analysis of these 
calculations. Vgp is the base-emitter voltage of Q), and 
AV er, which appears across Rg, is scaled by the R,/R, 
ratio to V,;. This voltage has a TC that cancels that of 
Vzz. The op amp raises the Vz bandgap voltage, which 
is the sum of V, and Vgg, to a higher voltage at the 
output of the reference. This voltage, Vour, 1s deter- 
mined by (R,/R3)+1 and is usually in the range of 2.5 
to 10V, although it can be the bandgap voltage itself. 

Designers of IC bandgap references often incorpo- 
rate additional features to make the devices more flex- 
ible. For example, some circuits have terminals 
brought out from an internal voltage divider, which 
lets you program a variety of fixed, calibrated voltages, 
such as 2.5, 5, 7.5, and 10V. You can also use these 
terminals with external resistors to set arbitrary volt- 
ages. Although special-purpose hybrid types are avail- 
able, most bandgap references are fabricated in the 
less expensive monolithic form. 


Look at the specifications 


An ideal voltage reference would have no errors at 
all. Its output voltage would be initially exact and not 
vary with time, temperature, input voltage, or load 
conditions. In the real world, an ideal reference is not 
possible, and manufacturers provide specifications to 
let the user know what the expected variations are for 
a number of key parameters. Of prime importance are 
the specifications for output voltage error, temperature 
coefficient, line regulation, load regulation, and long- 
term stability. You should look at these specifications 
both individually and collectively to obtain a true pic- 
ture of a reference’s expected performance. 

The output voltage error is the initial, untrimmed 
accuracy of the reference at 25°C at a specified input 
voltage. Specified in millivolts or a percentage, the 
measurement is normally made using a device that is 
traceable to a voltage standard. Some references pro- 
vide pin connections for trimming their initial accuracy 
with an external potentiometer. 

The temperature coefficient of a reference is its aver- 
age change in output voltage as a function of tempera- 
ture compared with its value at 25°C. Specified in ppm/ 
°C or mV/°C, the TC is independent of variations in 
other operating conditions. 
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Zener-based IC references use temperature- 
compensating diodes and op-amp circuitry 
to obtain voltage-reference performance. 


Line regulation is the change in output voltage for 
a specified change in input voltage. Usually specified 
in %/V or »V/V of input change, line regulation is a 
measure of a reference’s ability to handle variations 
in supply voltage. 

Load regulation is the change in output voltage for 
a specified change in load current. Specified in pV/mA, 
%/mA, or ohms of de output resistance, load regulation 
includes any self-heating effects due to increased power 
dissipation at high values of load current. 

Long-term stability is the change in the output volt- 
age of a reference as a function of time. Specified in 
ppm/1000 hours at a specific temperature, long-term 
stability is difficult to verify. As a result, manufactur- 
ers usually provide only typical specifications based 
on device data collected during the characterization 
process. 

Although these specifications are the most impor- 
tant, others, such as dynamic impedance and noise, 
may also be of concern. In particular, noise is an impor- 
tant consideration when using a reference with a high- 
resolution A/D or D/A converter. For example, a 12-bit 
A/D converter has an LSB weight of about 0.0244% 
of its full-scale range. For a full-scale range of 10V, 
the value of the LSB weight would be about 2.44 mV. 
The noise from the reference should be less than 10% 
of that value, or less than 244 pV. For a 16-bit con- 
verter, the requirement gets even tougher—the LSB 
weight is about 0.0015% and the reference noise should 
be less than 15 wV. You need to look carefully at the 
data sheet to make sure that the specifications you're 
interested in are well defined. Data sheets for some 
low-cost references don’t always provide information 
on all possible parameters. 

The level of sophistication and pricing for voltage 
references runs the gamut from simple and inexpensive 
to complex and costly. Devices are available for, liter- 
ally, almost any conceivable application. 

Typical of the lower-cost, general-purpose references 
is the LM136 series, which is available from companies 
such as National Semiconductor, SGS-Thomson, and 
Texas Instruments. Categorized for operation over the 
military, industrial, and commercial temperature 
ranges, respectively, the LM136, -236, and -336 are 
bandgap references with an output voltage of 2.5V and 
an accuracy of 1 or 2%. These references find applica- 
tion in digital voltmeters, power supplies, and op amp 
circuitry. They’re particularly useful in obtaining a sta- 
ble reference from a 5V logic supply. 

Because the LM136, -236, and -336 operate as shunt 
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Many precision references have a 10V output. The nominal 10.000V 
output of the REF 102 from Burr-Brown features an initial accuracy 
of +2.5 mV and a drift of 2.5 ppmi°C over the —25 to +85°C 
temperature range. 


regulators, you can use them as either positive or nega- 
tive references. Characterized for operation at 1 mA, 
these references have a typical TC of 3.5 mV from 
—25 to +85°C and 12 mV from —55 to +125°C. A pin 
connection lets you trim the devices externally for 
minimum temperature drift. At 20°C, the typical dy- 
namic impedance is 0.20, and long-term stability is 
+20 ppm. Available in TO-92, TO-46, and SO-8 pack- 
ages, commercial and industrial versions range in price 
from about $0.70 to $1.30 (1000). 

Although better known for its power-supply and mo- 
tion-control circuits, Silicon General also has a modest 
line of bandgap references. Its SG103 series—equiva- 
lent to National Semiconductor’s discontinued LM103 
series—is available in 13 voltage ratings ranging from 
1.8 to 5.6V. Packaged in a low-profile TO-46 metal 
can, the $12.75 (100) SG103 complies with MIL-STD- 
883B and is specified for operation over the military 
temperature range of —55 to +125°C. Primarily used 
in low-voltage power supplies, the 2-terminal device 
features a typical TC of —1 mV/°C and a dynamic 
impedance of 5Q. 

Other manufacturers of bandgap voltage references 
include Analog Devices, Linear Technology, Maxim In- 
tegrated Products, Motorola Semiconductor, Precision 
Monolithics (PMI), and Teledyne Semiconductor. Many 
of these companies’ references are interchangeable 
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Low-cost references, such as this 2.5V bandgap device from PMI, 
often come in 8-pin plastic DIPs. 


with devices from other manufacturers, and some offer 
improved performance compared with the original ver- 
sions. For example, the LT1019 from Linear Technol- 
ogy is a direct and, in many cases, improved replace- 
ment for many bandgap references, including the 
AD580, AD581, REF-01, REF-02, MC1400, MC1401, 
and LM168. 

Available in voltage ratings of 2.5, 4.5, 5, and 10V, 
the LT1019 is a third-generation device utilizing thin- 
film technology and wafer-level trimming of both the 
reference voltage and the output voltage. Typical 
specifications for the LT1019 include an output voltage 
error of 0.02%, a TC of 5 ppm/°C, line regulation of 0.5 
ppm/V, and load regulation of 0.1 mV/mA. For low- 
drift applications, you can achieve a TC of less than 2 
ppm/°C by operating the LT1019 in a heated mode 
using its internal resistor and an external amplifier. 
Available in either an 8-pin metal can or plastic DIP, 
the LT1019’s prices start at $3.90 (100). Applications 
for this device include A/D and D/A converters, V/F 
converters, precision regulators, and strain-gauge 
bridge excitation. a 

Maxim Integrated Products offers improved replace- 
ments for the 10V REF-01 and the 5V REF-02 
bandgap references, two standards introduced by PMI. 
Maxim’s 10V MAX674 and 5V MAX675 have a pretrim- 
med output voltage that is accurate to +0.15%, com- 
pared with +0.3% for the REF-01 and REF-02. In 
addition, the load regulation of 0.002%/mA for the 
MAX674 and MAX675 is somewhat better than that 
specified for the REF-01 and REF-02. The MAX674 
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and MA X675 are available in 8-pin metal cans, plastic 
DIPs, and SO packages; prices start at $4.25 (100). 

Designed for large-volume customers who need a 
precision reference but can’t justify a high cost, the 
REF-03 from Precision Monolithics 2.5V bandgap ref- 
erence offers good performance at a unit cost of only 
$1.75 (100). The REF-03 features a typical output volt- 
age tolerance of +0.2% (+0.6% max) and a typical 
TC of 10 ppm/°C (50 ppm/°C max). Typical line and 
load regulation are 0.002%/V and 0.006%/mA, respec- 
tively. The REF-03 is available in 8-pin DIPs and 8-pin 
SO packages. 

A companion to the REF-03, the REF-43 operates 
at a lower supply current (450 pA max vs 1.4 mA 
max) and offers better performance, albeit at the 
higher starting price of $3.75 (100), The 2.5V REF-43 
features a maximum output voltage tolerance of 
+ 0.05% and a maximum TC of 20 ppm/°C. The REF -48 
is available in a variety of package styles, including 
8-pin TO-99s, 8-pin DIPs, and 20-pin LCCs. 

For very low-cost applications, Teledyne Semicon- 
ductor offers its 1.25V TSC04 and 2.5V TSC05 bandgap 
references. Although these devices provide only mod- 
erate performance, they can satisfy many applications 
and—at $0.70 (100) in a TO-92 plastic package ($0.95 
in TO-52 metal)—are cost effective. The TSC04 and 
TSC05, which can operate over a range of 20 pA to 
20 mA, have an output tolerance of 2% and a maximum 
TC of 50 ppm/°C. By not using thin-film resistors in 
these devices, Teledyne is able to reduce manufactur- 
ing complexity—and cost. Teledyne also offers 
bandgap references rated at 5 and 10V, which offer 
tighter specifications at higher costs. 

An unusual device, the micropower LT1034 from 
Linear Technology, combines a 1.2 or 2.5V bandgap 
reference with a 7V zener-based auxiliary reference 
in a single package. Operating at 100 pA, the bandgap 
reference features a 1% initial tolerance, a TC of 20 
ppm/°C typ, and a dynamic impedance of 0.50 typ. 
Useful for less demanding applications, the 7V refer-_ 
ence has a 5% initial tolerance and a typical TC of 40 
ppm/°C. The LT1034 comes in 3-pin TO-46 or TO-92 
packages; prices start at $2.15 (100). 


Zener-based references 


Although bandgap references that can operate from 
5V supplies are widely available, zener-based refer- 
ences, which are usually used with analog circuits that 
operate from 12 to 15V supplies, are just as plentiful. 
In addition, compared with bandgap references, many 
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Bandgap references can provide good per- 
formance and, because of their low-voltage 
capabilities, are particularly useful in cir- 
cuits operating from 5V logic supplies. 


zener-based references have superior performance 
characteristics. Major suppliers of zener-based refer- 
ences include Analog Devices, Burr-Brown, Linear 
Technology, National Semiconductor, and Precision 
Monolithics. 

Typical of the high-performance possible with zener- 
based references is the 10V REF 102 from Burr-Brown. 
Available in a range of temperature grades and degrees 
of precision, the REF 102’s best incarnation features a 
maximum initial error of only +2.5 mV, a TC of 2.5 
ppm/°C, line regulation of 1 ppm/V, load regulation of 
10 ppm/mA, and noise of only 5 pV p-p from 0.1 to 
10 Hz. Moreover, the REF 102 achieves its perform- 
ance without the use of a heater, which results in a 
quiescent current of only 1.4 mA. The REF 102’s combi- 
nation of specifications make this device well suited 
for use with high-resolution A/D and D/A converters 
or as an accurate comparator threshold reference. 


Available in industrial and military temperature grades 
and in three grades of precision, prices for the REF102 
range from $2.75 to $14 (100). 

Analog Devices offers a wide range of both bandgap 
and zener-based precision references as part of its line 
of data conversion products. Unique among its offer- 
ings is the AD689, an 8.192V zener-based reference 
that bridges the gap between 5 and 10V references. 
Many data-conversion and analog circuits operate from 
+12V supplies, which can vary over a 10% range. 
However, using a 10V reference when the supply drops 
to +10.8V is a marginal situation at best. Before the 
availability of the AD689, designers were forced to 
choose between a 5V bandgap reference or a less com- 
plete zener reference between 5 and about 7V. The 
8.192V AD689 lets designers maximize a circuit’s signal 
swing when operating from 12V supplies. 

The AD689 uses an ion-implanted zener diode and 


Manufacturers of voltage references 


For more information on voltage references such as those discussed in this article, circle the aparopeite numbers on 
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Type TN Lab Grade Type TK Low TC Precision 
Low TC Precision Resistors Radial-Lead Film Resistors 


Actual Size 


Low TC to 5 ppm/°C, -55°C to 125°C 
- Non-Inductive Design 

« Resistance Range 1 Kohm to 10 Meg 
¢ TC of 5,10 or 20 ppm/°C, -55 to 125°C 
¢ Tolerance of +1% (available to +0.05%) 
¢ Space Efficient Radial-Lead Design 


For Type TK data, circle number 102 


1 K to 1 Meg, Tolerance to +0.01% 

Low TC to 5 ppm/°C, 0°C to 70°C 

- Non-Inductive Design 

¢ Tolerance of +0.01%, +0.025%, +0.05%, 
+0.1%, +0.25%, +0.50% or +1% 

¢ LowTC of 5,10 or 20 ppm/°C, 0 to 70°C 

¢ Space Efficient Radial-Lead Design 


For Type TN data, circle number 101 
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Type 1776 Precision 
Type T912 and Type T914 Decade Voltage Dividers 
Precision Resistor Networks 


-~{ 
CADDOCK 
2 8912 


9M 900K 90K 9K _ 1K 


1776-C621 Schematic 


Voltage Division 10:1 to 10,000:1 
¢ Ratio Tolerance 0.02%, 0.05%, 0.1%, 
0.25% or 0.5% 

Ratio TC of 5, 10, 25 or 50 ppm/°C, 
from 0°C to 70°C 

Select from 39 Different Models 
Voltage Rating to 1,200 Volts 


T912 Schematic T914 Schematic 
1:1,9:1 or 1071 4 equal value resistors 


Ultra Precise Ratios to 0.01% 

¢ 14 Standard Resistance Values from 
1 Kohm to 1 Meg (Custom to 2 Meg) ° 

¢« Ratio Tolerance from 0.01% to 0.1% 

« Ratio TC of 2,50r10ppm/°C, Oto 70°C ° 

¢ Custom ratios available, 1:1 to 250:1 . 


For Type T912/T914 data, circle 104 


problems 


Type MK Precision Power 
Radial-Lead Film Resistors 


Actual Size 


0.50 Watt (CK05), 0.75 Watt (CK06) 
- Non-Inductive Design 

« Resistance Range 1 2 to 100 Meg 

¢ TC as lowas 50ppm/°C, -15°C to 105°C 
¢ Tolerance of +1% (available to +0.1%) 
¢ Space Efficient Radial-Lead Design 


For Type MK data, circle number 103 


Custom Precision and 


Ultra-Precision SIP Networks 


Ratio Tolerance to 0.01% 

« Resistance Range 0.5 ohm to 50 Meg 
¢ Abs. Tolerance from +0.025% to +1% 
¢ Ratio Tolerance from 0.01% to 1% 

¢ Abs. TC of 15 ppm, 25 ppm, 50 ppm 


or 80 ppm/°C, from 0°C to 70°C 


¢ Ratio TC of 5 ppm, 10 ppm, 25 ppm 


or 50 ppm/°C, from 0°C to 70°C 


For Type 1776 data, circle number 105 For Custom data, circle number 106 


: These products are manufactured with Caddock's exclusive Micronox ~ or 
M Ore A Ig A Tetrinox® Resistance Film Technologies. For your copy of the Caddock 
General Catalog call or write: 
performance : Applications Engineering 
resistor products Caddock Electronics, Inc. 
from 1717 Chicago Avenue 


Riverside, California 92507 


(714) 788-1700 


CADDOCK 


ELECTRONICS, INCORPORATED high performance resistor products. 
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The Caddock General Catalog includes specifications on over 200 models of 


® 
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For applications requiring very low drift, 
you can use some references in a heated 
mode. 


National 
Semiconductor 


> CATHODE 


Exemplifying a trend to higher integration, this IC from National 
Semiconductor contains an adjustable 1.2 to 6.38V reference in addi- 
tion to dual op amps and dual comparators. 


laser-trimmed thin-film resistors to obtain its high pre- 
cision. The part features an initial accuracy of +4 mV 
and a TC of 5 ppm/°C, and its 8.192V rating provides 
a convenient 2-mV/LSB scaling for 12-bit converters. 
Other specifications include a line regulation of +200 
wV/V max, load regulation of 100 »V/mA max, and 
noise of 2 wV p-p typ from 0.1 to 10 Hz. Long-term 
stability is typically 15 ppm/1000 hours. For applica- 
tions requiring higher initial accuracy, the AD689 pro- 
vides connections for fine trimming the output to 
8.000V. In addition, force and sense connections allow 
remote sensing of load and ground variations. Avail- 
able in 8-pin ceramic DIPs, prices range from $2.95 
to $25 (100), depending on accuracy and temperature 
range. 

If your application requires maximum performance 
and cost is no object, you may want to check out the 
LTZ1000, a 7.2V zener-based reference from Linear 
Technology. The LTZ1000, which requires external cir- 
cuitry to set the operating currents, incorporates a 
subsurface zener, a heater resistor for temperature 
stabilization, and a temperature-sensing transistor. 
Designed for use in standard cells, calibrators, and 
precision voltmeters, the LTZ1000 features a thermal 
drift of 0.05 ppm/°C, about 1.2 pV p-p of noise, and 
long-term stability of 2 wV per month. Packaged in 
an 8-pin metal can, the LTZ1000 operates over the 
temperature range of —55 to + 125 °C and costs $35.50 
(100). 

Stand-alone IC references will continue to dominate 
many applications, but there’s a gradual, definite trend 
toward incorporating voltage references in other cir- 
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cuits—notably A/D and D/A converters. In addition, 
at least one company has incorporated adjustable refer- 
ences in monolithic building blocks containing op amps 
and comparators. 

For example, over the course of the past year, 
Maxim Integrated Products has introduced a family 
of 12-bit A/D converters that include either bandgap 
or zener references. Analog Devices, among others, 
offers a wide range of A/D and D/A converters with 
on-chip references. And National Semiconductor re- 
cently introduced several monolithic chips containing 
single, dual, or quad op amps and a voltage reference. 

The main advantage of this higher level of integra- 
tion is convenience. The designer is freed from the 
task of matching a specific reference to a particular 
converter or op amp. In addition, there are advantages 
in cost and board space. Manufacturers can often in- 
clude an on-chip reference with little penalty in chip 
real estate and no change in packaging. For many ap- 
plications in which a reference is needed, this approach 
offers a cost-effective alternative. 
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WHAT’S COMING 
IN EDN 


EDN Magazine’s February 1, 1990, issue will feature 
a Staff-written Special Report about add-on buses. 
Part 3 of the designer’s guide to flash-ADC testing 
concludes this design series with a discussion of the 
measurements you'll need to fully characterize flash 
A/D converters. Also, Contributing Editor Bill Travis 
looks at analog comparators that address TTL and 
ECL ICs. Be sure to look for our regular departments. 
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IT HAS TO BE GOOD 
OUR NAME IS ON IT 


At Xilinx, quality is more than Just creative risk taking. 


an abstract concept. It’s standing behind everything we do. 
It's a day to day commitment to One hundred percent. Every day. 
providing our customers with the best You have our word on it. 


products and services humanly possible. 


It's a commitment to providing our 


~ XILINX 
employees with a working environment 
that enhances creativity and fosters The Programmable Gate Array Company” 
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National 
Semiconductor 


A-to-D perfo 
test of time... 


THE ADC 1241 12-BIT PLUS 


SIGN SELF-CALIBRATING A/D 


CONVERTER FROM NATIONAL. 


The ADC1241 guarantees im- 
proved A-to-D performance over the 
long haul, covering the full industrial 
and military temperature ranges. That 
means no missing codes, not at 125°C 
in the shade or 55°C below zero. It 
means no parametric drifts, not today, 
tomorrow or ten years down the line. 
It means the ADC1241 is designed 
to last in your high-performance, 
microprocessor-based design. 


MORE CODES, MORE 


RESOLUTION, MORE SPEED. 


With 12 bits plus sign, the 
ADC1241 offers twice the number of 
codes (8192) and twice the resolution 
(1.22 mV) of standard 12-bit devices. 
And it’s fast: conversion (13.8 ws) and 
acquisition (3.5 ws) times are guaran- 
teed over the complete industrial and 
military temperature ranges. 


Self-calibration prevents para- 
metric drifts due to time and 
temperature, thereby improving 
overall system performance. It also 
minimizes non-linearity and zero 
errors Over temperature. This 
eliminates the need for external 


RAM 
(CORRECTION 
TERMS) 
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WITH SELF-CALIBRATION. 


hat stands the 


ALL ON A MINIMUM OF POWER. 


The ADC1241 operates ona 
scant 70 mW (maximum) of power, 
making it ideal for portable or remote 
applications. And it can accommo- 
date a unipolar analog input voltage 
range (OV to +5V) or a bipolar range 
of (SV to +5V) with +5V supplies 
and a single +5V reference. 


FILLING OUT THE FAMILY. 


The ADC1241 is the newest 

fa Member of National’s growing family 
™" of high-performance data conversion 
products, joining a full array of A/Ds, 
D/As, analog switches, filters, sample- 
and-hold devices, multiplexers, voltage 


adjustments, saving you precious 
board space and reducing your 
manufacturing costs. | 

The ADC 1241 goes through a 
self-correction cycle during every 
conversion to adjust non-linearity 
errors to less than +1/2 LSB and zero 
error to less than +1LSB. On request, 
the device also performs offset and/ 
or non-linearity calibration. 


AND ON-BOARD 
SAMPLE-AND-HOLD. 


By integrating a high-speed 
sample-and-hold, the ADC1241 will 
track and hold the analog signal 
without the cost of additional com- 
ponents, testing or board space. 


TIME TO ACT. 


For information on the ADC1241 
—or any data conversion product, 
take the time to call us toll-free at 
1-800-624-9613, Ext. 89, or write to: 
National Semiconductor Corpo- 
ration, P.O. Box 7643, Mount 
Prospect, IL 60056-7643. In just 
a few minutes, we'll show you an 
A-to-D converter to last the ages. 
Regardless of the temperature. 


COMPARATOR 


National 
Semiconductor 
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LINEARITY 
CORRECTION 
DAC 


CIRCLE NO. 74 


Now it’s easier than ever to do 
your switch mode power supply 
shopping by going to Advance. 
Advance now offers two new quality 
lines of open frame and enclosed 
switching power supplies from 
Farnell Instruments in addition to 
the already-broad Advance line. 

The “N” Range open-frame units 
include models from 50 to 500 
watts, provide one to five outputs, 
meet international standards, 
incorporate the latest advances in 


703-018 
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sae 


power supply technologies, and are 
competitively priced. 

The “G” Range enclosed, 
convection-cooled units include 
models from 60 to 600 watts in a 
wide choice of voltage and current 
outputs. They are compact, high- 
efficiency units designed to meet 
strict RFI standards. 

When you need a precise 
dependable switching power supply 
up to 1500 watts for a well-designed 
instrument, computer or control, 
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—_ Just like 
dow 


NEW Farnell Switching Power Supplies from Advance. 


ntown! 


call your Advance representative or 
call 1-216-349-0755 and take 
advantage of our one-stop shopping. 
FAX 1-216-349-0142. 

Advance Power Supplies 

32111 Aurora Road 

Solon, OH 44139 


<> ADVANCE 


POWER SUPPLIES 
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DEECO SEALTOUCH'’ DISPLAY SYSTEM. 


If there's one thing you don’t need, it’s dirt and moisture 
seeping into your display system and disrupting its perfor- 
mance. The DeeCO SealTouch display system is the best 
solution for your most demanding industrial applications. 

Designed especially for harsh environments, SealTouch 
delivers consistently reliable performance under the most 
threatening conditions. 

The SealTouch display system is a 3-part module 
consisting of flat-panel display and sealed I-R Touch panel! 
mounted on a controller card with VT100 text emulation 
and extensive drawing graphics. All within an absolute 
minimum footprint. 


/ 


SEALS IN PERFORMANCE. 
SEALS OUT DIRT AND MOISTURE. 


Easy-to-use touch software, pop-up menus and 
convenient button draw routines make SealTouch easy 
fo design-in and simple to use. The system's program- 
mable touch sensitivity allows you to easily implement 
protection against annoying false triggers. What's more, 
the SealTouch infra-red beam diagnostics continuously 
monitor system performance, assuring you of consistent 
reliability. 

Don't take chances with any other display system. Call 
or write for full product information. Let SealTouch seal in 


performance for your design. Hee co 


And seal out dirt and moisture. 


Digital Electronics Corporation, 31047 Genstar Road, Hayward,CA 94544-7831 (415) 471-4700 


SealTouch and DeeCO are registered trademarks of Digital Electronics Corporation 
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flash—ADC testing 
Part 2 


DSP test techniques 
keep flash ADCs 


in check 


By testing your flash A/D converter, you can ensure 
that it’s faithful to all the specifications listed on its 
data sheet. Part 2 of this 3-part series presents a num- 
ber of methods, including sine-wave curve fitting and 
the FFT, that you can use to test flash converters. 
Readily available benchtop instruments or personal 
computers are the only equipment that yow'll need to 
use these methods. 


Walt Kester, Computer Labs Div, 
Analog Devices 


It’s important to know how your flash A/D converter 
will perform in real-world applications. Therefore, you 
may want to perform any one of a variety of tests on 
your converter to determine its deviation from ideal 
performance. As Part 1 of this series discussed, flash 
ADCs exhibit errors due to static and dynamic non- 
linearities, and these errors increase as the input sig- 
nal’s slew rate increases. Thus, the actual S/N ratio 
will fall short of the converter’s theoretical value. Even 
if you don’t apply these tests yourself, becoming famil- 
iar with them will help you evaluate data-sheet specifi- 
cations more accurately, because many manufacturers 
use these same methods. 

Another reason you may want to test your flash 
converter is to gain information that the manufacturer 
doesn’t provide. Specifications such as S/N ratio and 
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its related effective number of bits are key in all appli- 
cations and are normally specified, but other specifica- 
tions that are more important for your particular appli- 
cation may not be included on the data sheet. For 
example, video designs typically require that you know 
a converter’s differential phase and gain (Ref 1). Com- 
munications systems may even depend on esoteric 
specifications such as the spurious-free dynamic range, 
which isn’t available on many data sheets. 

For a full-scale sine-wave input, the theoretical rms- 
signal to rms-quantization noise ratio is 


S/N RATIO=6.02N +1.76 dB, 


where N equals the number of bits (Ref 2). The rms 
quantization-noise voltage for an ideal ADC within the 
Nyquist bandwidth is q/V12, where q is the weight 
of the LSB expressed in volts. 

The most popular method for extracting a flash con- 
verter’s S/N ratio and effective number of bits is 
through discrete Fourier transforms (DFTs). Today, 
you can perform sophisticated DSP tests with PC- 
based test systems and standard software packages. 
The test system in Fig 1, for example, can execute a 
1024-point FFT in less than one second. Most of the 
hardware you'll need is available as plug-in boards for 
the PC. However, you'll have to do a fair amount of 
work before you can begin to use a PC-based test 
system. First, you'll need to design a high-speed 
buffer-memory board to capture the data from the flash 
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DSP test techniques determine your con- 
verter’s deviation from ideal performance, 
and they even tell you certain specifications 
that the ADCs data sheet doesn’t. 


ADC. Typically, you’ll need to use high-speed static 
CMOS or ECL RAMs. Second, plan to design an appro- 
priate logic interface to connect this buffer memory 
to the digital I/O card of the PC. 

Another hardware feature you might consider is an 
evaluation board, which certain manufacturers of 
video-speed ADCs supply to ease design testing. Many 
evaluation boards contain reference voltages, power- 
supply decoupling, timing circuits, output registers, 
and connectors. The evaluation boards usually have a 
matching reconstruction DAC. In most cases, the 
manufacturer has optimized the design of these boards 
so that your ADC test won’t be corrupted by faulty 
or poorly designed support circuits. 

Your software must include a program to capture 
the data and then load it into the memory of the PC. 
If you plan to use FFT analysis, you must link a stan- 
dard FFT software package to your test program. You 
may also have to generate a look-up table to store any 
Special weighting functions required by your particular 
sampling scheme. Also, adding a coprocessor card will 
speed up the thousands of multiplications that FFT- 
based analysis requires. 

If yon don’t have the time or the energy to build 
your own test system, consider one of the benchtop 
instruments available from a number of instrumenta. 
tion manufacturers. These turnkey systems typically 
utilize a high-speed logic analyzer to capture data. Be- 
cause menu-driven software allows you to select from 


‘Fig 1---This DSP test system for a flash 
ADC can execute a 1024-point FFT in less 
than one second, but the system requires a 


PROGRAMMABLE 
ANALOG SIGNAL _ 
SOURCE 


PROGRAMMABLE 
SAMPLING-CLOCK 
GENERATOR 


NOTE: TEST-SYSTEM HARDWARE 


a variety of tests, you incur practically no hardware 
or software development time. 

To test a flash ADC using Fourier analysis, you 
must apply a spectrally pure sine wave to the converter 
and store a number of contiguous output data samples. 
Then, using DFT techniques, your test program calcu- 
lates the rms-signal and rms-noise content and deter- 
mines the ratio of the two. Noise calculations using 
DFT techniques include not only the converter’s quan- 
tization noise but also the harmonics of the input sine 
wave. In addition, harmonics that fall outside the 
Nyquist bandwidth are aliased back into the Nyquist 
bandwidth because of the sampling process. Thus, to 
achieve accurate and repeatable results, the purity of 
the sampling clock and the input sine wave is critical. 

You can use either coherent or noncoherent sampling 
to evaluate the ADC performance. Coherent sampling 
simply means that your record of samples contains an 
integer number of sine-wave input cvcles. Alterna- 
tively, noncoherent sampling produces a record that 
contains noninteger multiples of the input. You must 
choose between these sampling schemes based on the 
type of input data you expect. Coherent testing is more 
suited to a laboratory environment when you know 
the precise frequency content of an input signal, and 
it requires careful attention in the selection of the input 
and sampling frequencies. Noncoherent testing yields 
a better representation of ADC performance in a real- 
world application such as spectral analysis, because 


BUFFER 
MEMORY 


INTERFACE 
. CARD. 
(IEEE-488) 


INTERFACE 
CARD 
(PARALLEL) 


significant design effort. Hardware require- 
ments include a high-speed buffer memory 
and logic interface between this memory and 
your PC. Software requirements include a 
program to capture the data and load it into 
the memory of the PC, as well as a link 
between your test program and a standard 
FFT software package. 
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AND SOFTWARE CONSISTS OF 
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COMPUTER 


AT&T PC-6300 PC 

8087 COPROCESSOR 

20M BYTE STORAGE 

METROBYTE PIO-12, 24-BIT 
PARALLEL INTERFACE CARD 

MICROSOFT QUICKBASIC 
OPERATING SOFTWARE 

MICROWAY 87 FFT SOFTWARE 


PRINTER 
DISPLAY 


DSP 
SOFTWARE 
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the precise frequency content of the signal being digi- 
tized is a mystery. 

However, whenever the number of time samples 
doesn’t contain an integer number of input cycles (non- 
coherent testing), you’ll have to time-weight the sam- 
ples to reduce frequency side lobes. Without weight- 
ing, discontinuities will cause the main lobe’s energy— 
the fundamental—to leak into many other frequency 
bins. The term “bins” refers to the spaces between 
spectral lines or spectral peaks. The number of bins 
for a particular spectrum equals the sampling fre- 
quency divided by the record length, or fy/M. The leak- 
age of the signal from the central bin to side-lobe bins 
makes accurate spectral measurements impossible— 
you simply can’t distinguish the frequency bins that 
contain actual signal information from those that con- 
tain noise. Another reason to time-weight the samples 
is that the end user of your A/D-conversion system 


Wn =05-0.5c0s ( "| 


BINS FROM SIDE-LOBE 
CONTINUOUS 
FOURIER 


UR 
TRANSFORMATION 


13 1 UE 


Fig 2—When the record of samples doesn’t contain an integer 
number of input cycles—that is, when you’re using noncoherent 
sampling—you must precondition the data with a weighting func- 
tion. The Hanning window shown here in the time domain (a) and 
the sampled-frequency domain (b) is a popular weighting function. 
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may be interested in the performance of the ADC using 
an identical or similar window. 

Noncoherent sampling involves fewer input- and 
sampling-frequency restrictions than coherent sam- 
pling does, but it requires careful attention in the selec- 
tion and use of the weighting function. Also, to prevent 
masking out harmonics of the fundamental, avoid using 
inputs that are integer submultiples of the sampling 
frequency. If your input frequency is an integer 
submultiple of the sampling frequency, the quantiza- 
tion noise, q/V12, will be concentrated in the harmon- 
ics of the input frequency rather than uniformly distrib- 
uted across the Nyquist bandwidth. Ultimately, this 
condition leads to incorrect harmonic-distortion test re- 
sults. 

One popular weighting function is the Hanning win- 
dow (Ref 3), which is described by the equation 


W,=0.5-0.5 cos (22), 


where W, is the weighting coefficient for the nth data 
sample, and M is the total number of samples. Fig 2 
graphically depicts the Hanning window in both the — 
time and the frequency domains. 

To calculate the S/N ratio, you have to decide the 
number of frequency bins to include in the fundamental 
and the number of bins to consider as noise. As Fig 2 
shows, you can correlate the amount of side-lobe at- 
tenuation with the lobe’s distance, in terms of bins, 
from the fundamental bin. Fig 2b includes a table that 
lists some of these values. You'll have to make your 
decision based on the theoretical S/N ratio of the con- 
verter you're testing. 

For example, an 8-bit converter has a theoretical, 
maximum S/N ratio of approximately 50 dB. In order 
to ensure that the side-lobe energy doesn’t cause an 
artificially high noise measurement (and hence an artifi- 
cially low S/N-ratio measurement), you should include 
at least 10 frequency bins on either side of the funda- 
mental when calculating the signal level. (Simply take 
the square root of the sum of the squares of all 21 bins | 
as your signal level.) Now, any side-lobe energy out- 
side this region will be at least 68 dB below the funda- 
mental signal level (18 dB below the theoretical, 8-bit 
quantization noise floor of 50 dB), and side-lobe leakage 
won't significantly affect the accuracy of your S/N-ratio 
measurement. 

Other weighting functions may better suit your ap- 
plication. For example, Fig 3 compares the popular 
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Today, you can perform sophisticated DSP 
tests with PC-based test systems and stan- 
dard software packages. 


$$ eee —— 


Hanning window’s spectral representation with the 
more sophisticated, minimum 4-term, Blackman-Harris 
type. For the same record length, the Blackman-Harris 
window provides better spectral resolution than the 
Hanning window, making it more suitable for critical 
spectral analysis, such as measuring 2-tone, third-order 


intermodulation-distortion products. The extra compu- 


tations for the Blackman-Harris window don’t lengthen 
processing time, because you calculate them only once 
and store them in a look-up table. 

As previously stated, you can use coherent sampling 
if you know the characteristics of your input signal and 
if you choose the sampling rate accordingly. Coherent 
sampling eliminates leakage and the need for window- 
ing (Ref 4); the spectral result of a coherently sampled 
signal is simply a single-frequency peak. Certain re- 
strictions apply to the choice of the sampling rate and 
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Fig 3—The Blackman-Harris windowing function (b) resolves 
closer peaks in a frequency spectrum than does the H anning window 
(a). The mathematical expression for the Blackman-Harris window 
is more complex, but you only need to calculate the terms once and 
then store them in a look-up table. 
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the sine-wave frequency, however. First, you must 
observe the following ratio: 


Mc equals the number of integer cycles of the sine 
wave during the record period. For a whole number 
of cycles, Mc must be an integer. To ensure that you 
don’t take repetitive data, M, should also be a prime 
number: 1, 3, 5, 7, 11, 18, 17, ete. By using prime 
numbers, you ensure that all samples during the record 
period are unique. When using coherent sampling, it’s 
mandatory that the ratio M,/M be constant. This re- 
quirement implies that you derive fg and f,, from two 
locked frequency synthesizers. 


Calculate the DFT 


After selecting the record length and determining 
the weighting function (for noncoherent sampling), you 
must write your DFT test program. Your program 
must find the DFT of the sequence of weighted data 
samples for M/2 frequencies (the Nyquist frequency). 
Thus, the program should solve the following two equa- 
tions for the kth frequency: 


M 
A,= Ss W,,D,, cos [Paka 
n=1 


=| 


M 
B,= S W,,D,, sin [Pxka—)) 
n=1 


=| 


In these equations, A, and B, represent the magni- 
tudes of the cosine and sine parts of the kth spectral 
line; n is the number of time samples; W,, is the weight- 
ing function; D, is the amplitude of the time-function 
data point; and k is the number of a spectral line. The 
total magnitude of the kth spectral line is 


MAGNITUDE,=VA,2+B,2. 


The program’s results yield M/2 components, which 
are the frequency-domain representation of the M time 
samples. The resolution or spacing between the spec- 
tral lines, Af, equals fy/M and is the bin size or bin 
width. 

Typically, you should select the number of time sam- 
ples (M) to be between 256 and 4096, depending on 
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THE CONFIDENCE IT GIVES 
YOU 1S PRICELESS. 


When you can't afford to miss Confidence at an even 


a thing, get the new 2232 lower price. 


digital storage oscilloscope For outstanding waveform con- 


from Tek. fidence under $2500, look 
The 2232 is a 100 me into the new 50 MHz 2211 
MHz, 100 MS/s digital- — a digital storage oscilloscope. 
plus-analog scope that can detect glitches down to 10 nano- lt combines 20 MS/s digital sampling and analog measure- 
seconds at any sweep speed. As a result, it exposes random ment in one portable, easy-to-use package. And comes with 
events and transient phenomena that elude comparable waveform cursors, a 4K record length, horizontal magnification 


instruments. of X10 and X50, a hardcopy 


And it's at home in applica- . Th C fre E offer interface and much more—all 
tions ranging from digital- IS WO rth U v to $340 © for only $2495. 


system design to medical git oo ga-cseneccat ee 5 


Order a Tek 2232 or 2211 DSO . 
between January 15 and May 1, 1990 
and you'll receive one of these great 


equipment service. Confidence is only a 


call away. 


You also get features like «_ttems free! 
2 CFG250 2 MHz Function 
trigger-level readout, automatic ‘” Generator Produces sine, square and To order your 2232 or 2211, oF 
triangle waves plus TTL signals. . 
time and voltage measurement , A $340 value. for more information, contact 
1 P6062B 1X/10X Switchable Probe A 100 Mt, 6 ft. probe, 


list price $190. your local Tek representative or 


To take advantage of our special offer, complete and return this 
coupon to your local Tek representative or distributor (be sure to 
check one of the boxes above). Or, order from Tek direct at 
1-800-426-2200, ext. 200 and mention this ad. 


and storage of up to 52 wave- 


form sets—plus a three-year distributor. Or call us direct at 


warranty on all parts and labor. 


1-800-426-2200 


Priceless confidence for only 


Name 
$5495. The new 2232 from Tek. Tt ext. 200. 
Company hfs 
Address ee — 
Copyright © Tektronix, Inc. 1989. | BOB-080 
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The discrete Fourier transform 1s the most 
popular method for determining a con- 
verter’s true S/N ratio and effective num- 
ber of bits. 


the desired resolution and the size of the buffer mem- 
ory. M must be equal to an integer that’s a power of 
two. If you’re using noncoherent sampling, you can 
compress leakage around the main lobe by using a 
larger record length, thereby leaving a larger percent- 
age of the Nyquist spectrum uncontaminated. For ex- 
ample, the Hanning weighting leakage is +10 bins 
from the fundamental for 68-dB side-lobe suppression. 
If the record length is 256, then the leaky fundamental 
occupies 20 bins out of 128 spectral components, or 16% 
of the digital spectrum. When M equals 1024, the per- 
centage reduces to 20/512, or 4%. 

In practice, you can use one of the many FFT algo- 
rithms to simplify and speed the DFT calculations (Ref 
5). An FFT algorithm will produce the same results 
as the DFT equations above, and the computation time 
is much faster. 


Verify the FFT 


Consider the noise floor when verifying the FFT. 
Assuming that the round-off error contributed by the 
DSP-noise calculation (the error caused by using a fi- 
nite number of bits in the FFT multiplications and 
additions) is negligible, the rms-signal to rms-noise 
level in a single frequency bin of width Af is 


S/N RATIOpp7=6.02N-+1.76 dB+10 LOG, (¥), 


This equation represents the FFT noise floor. You 
should choose M so that any spurious components you 
want to resolve lie at least 10 dB above this floor. 

Basic software can easily generate an ideal N-bit 
sine wave by using the Integer (INT) function to trun- 
cate the value to the proper resolution. For instance, 
an input signal of frequency f;, is equal to 


. {27nf,, 
No = Vo sin (* 7) ) 


where n is the nth time sample for an ADC that has 
infinite resolution. You can calculate the corresponding 
quantized value using 


amfin 
V,)=INT (voxin ts) 
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where q =2V,/2". Substituting this expression for q 
in the above equation yields 


V,(n)=INT ES sin (22m) | 


S 


The INT function simply truncates the fractional por- 
tion of V,(n). 

To check the dynamic range of the FFT, calculate 
the S/N ratio by using 6.02N+1.76 dB for increasing 
values of N and observing the point at which the S/N 
ratio no longer increases by 6.02 dB/bit. The sine-wave 
input to the weighting function and the FFT are more 
ideal as N approaches infinity. By making N arbitrarily 
large, you can greatly reduce quantization-error effects 
and analyze the true noise floor of the FFT. You can 
also examine the characteristics of the weighting func- 
tion. 


Match the sine wave to a curve 


Another test method to use with flash ADCs is sine- 
wave curve fitting. You perform this test after the 
ADC digitizes the sine wave and after your test system 
stores the data in its memory. A record length of 1024 
samples is usually sufficient. The software then calcu- 
lates the best-fit, ideal N-bit sine wave to match the 
data points, based on the sine wave’s amplitude, offset, 
frequency, and phase required to minimize the rms 
error between the actual and the ideal sine wave (Refs 
6 and 7). This method also requires that the input 
sine-wave frequency contains no subharmonics of the 
sampling rate. If you know the precise sine-wave fre- 
quency, the curve-fit algorithm is much simpler than 
the FFT method, and the probability that the algo- 
rithm will converge is higher. 

After the software computes the rms error, Q,, be- 
tween the ideal sine wave and the actual sine wave, 
you can calculate the effective number of bits by using 


EFFECTIVE _ Qa 
NUMBER OF BITS -L0G, 2) 

Where Qr is the theoretical rms quantization error, 
q/V12. This measurement includes errors due to differ- 
ential nonlinearity, integral nonlinearity, missing 
codes, aperture jitter, and noise, in addition to the 
quantization noise. 
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Get five times faster through- 
put from NEC K-Series” micro- 
computers. 

As a developer of real-time 
control systems, you know that 
designing in a faster CPU is not 
enough. You also need intelli- 
gent I/O management for the 
best possible system through- 
put. 

NEC's K-Series™ microcom- 
puters are perfect for real-time 
control designs requiring multi- 
tasking, such as automotive 
control, ISDN and computer 
peripheral controllers. 


Peripheral Management Unit™ 
The K-Series’ unique architec- 
ture includes a revolutionary 
Peripheral Management Unit” 
macro service for nonstop in- 
struction execution while proc- 
essing up to 16 I/O requests at 
the same time. By designing in 
the K-Series microcomputer, you 
can improve your system 
throughput by as much as 5X. 
The K-Series 8-bit and 16-bit 
microcomputers give you a real- 
time output port; an advanced 
counter/timer system; a high- 
speed, high-resolution A/D 
converter; and many other on- 
chip intelligent peripherals. 


Embedded 
Control 


K-Series, Peripheral Management Unit and Knowledge Kit are trademarks of NEC Electronics Inc. 
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Not since the invention of the hourglass has 
anyone come up with a more ingenious way 


to speed up silicon. 


The K-Series provides you a 
worry-free upgrade path from 
the 8-bit K2 microcontroller 
family to the 16-bit K3 devices. 
And your future designs will 
exploit the power of the light- 
ning-fast 125-ns K6, with real- 
time operating system in 
microcode, and complete K3 
software compatibility. 


Free Knowledge Kit" 

To learn more about the K- 
Series microcomputers with up 
to 1K bytes of on-board RAM, 
32K bytes of ROM/EPROM, and 
Peripheral Management Unit 
coprocessing power, call now. 

1-800-632-3531 


A free 81-page Knowledge 
Kit™ will be rushed to you 
along with complete informa- 
tion on the K-Series with the 
Peripheral Management Unit. 
Development tools and 
samples are available now. 


NEC Electronics Inc. 

401 Ellis Street 

Mountain View, CA 94039-7201 
1-800-632-3531/415-965-6158 
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Coherent testing 1s more suited to a labora- 
tory environment; noncoherent testing more 
closely represents ADC perenne? in the 
real world. 


The effective number of bits that you calculate using 
the sine-wave curve-fitting method correlates with the 
value of the full-scale, FFT S/N-ratio measurement 
obtained using the equation 


EFFECTIVE _S/N RATIOscrua,—1.76 dB 
NUMBER OF BITS 6.02 


However, if you measure the effective bits of a sine- 
wave input signal whose amplitude is less than full 
scale, you must include the following correction factor 
in the above equation to achieve correlation between 
the two methods: 


EFFECTIVE 
NUMBER = 
-OF BITS 


S/N RATIO actuai— 1.76 dB 
6.02 


+ LEVEL OF SIGNAL BELOW FULL SCALE (dB) 
6.02 


One useful method for reducing the effects of the 
D/A converter in making gross back-to-back measure- 
ments on an ADC is the beat-frequency method. Fig 
4 illustrates a basic test setup. This test method 
stresses the converter with a near-Nyquist signal and 
drives the converter at its maximum sampling rate. 
Thus, the analog-input sine wave should be slightly 
lower in frequency than half the sampling frequency. 
The test system updates the registers that drive the 
DAC at an even submultiple of the sampling rate, f,/N, 
where N is a power of 2. (N is not the ADC’s resolu- 
tion.) The resulting signal from the DAC is a low- 
frequency sine wave whose exact frequency equals the 


SAMPLING a 
CLOCK 


ANALOG 
INPUT 


Fig 4—The beat-frequency test stresses the 
converter with a near-Nyquist input signal, 
and it drives the converter at its maximum 
sampling rate. You can then examine the 
low-frequency beat on an oscilloscope and 
search for missing codes and other non- 
linearities. 
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difference between half the sampling rate and the ana- 
log-input frequency. As Fig 4 shows, you should clock 
the DAC at a much lower rate, fy/N—known as the 
decimation rate—thereby reducing the effects of 
glitches and other dynamic errors. 

You can use the beat-frequency method to make 
signal-to-noise measurements over the Nyquist band- 
width, fy/2N. You also can examine the low-frequency 
beat on an oscilloscope for missing codes and other 
nonlinearities. To measure the harmonic content of the 
beat frequency, you can use a low-frequency spectrum 
analyzer. The harmonics of the low-frequency beat are 
directly related to the harmonics of the analog-input 
frequency. A beat frequency of a few hundred kilohertz 
works well. To prevent jitter on the low-frequency 
beat signal, you must derive both the analog-input sine 
wave and the sampling frequency from frequency syn- 
thesizers or crystal oscillators. 

This beat-frequency test is also effective in measur- 
ing the flash converter’s performance for input signals 
near the sampling frequency. The performance under 
these conditions is useful for radar in-phase and quad- 
rature-phase systems and in IF-to-digital conversion. 
To perform this test, set the ADC’s analog-input fre- 
quency to slightly less than the sampling rate. The 
circuit generates a low-frequency beat even if the DAC 
updates at the sampling rate. However, updating the 
DAC at fy/N reduces the effects of DAC dynamic errors 
on the measurements. 

You can use DSP techniques and FFTs to analyze 
Fig 4’s decimated data for a wide range of input fre- 
quencies. You do have to remember the rules of ali- 
asing, however, to know where to expect the funda- 
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Ontario, Canada, is a place of 
achievement. We pioneered 
telecommunications. Hydro 
electric power. Satellite trans- 
mission. Space robotics. 

The result-a well-established 
infrastructure of skilled sup- 
pliers to the North American 
electronics industry. If you 
haven’t explored this alterna- 
tive source for quality compo- 
nents, it’s time you took a look 
at what’s here. 


Ontario, Canada: 
the best-kept secret of © 
the North American 


competitive price, without the 
inevitable problems caused by 
distance and language differ- 
ences. We’re your neighbours, 
and we think and talk like 
neighbours. 

When you source in Ontario, 
it’s as easy as dealing with a 
domestic supplier. You may find 
us easier to deal with. Ontario is 
close to major manufacturing 
centres of the U.S., and our 
excellent transportation links 


make us a prime partner for JIT 


e give you ql 


supply arrangements. 


time-sensitive — 


One phone call will bring you 
information about Ontario sup- 
pliers of the quality components 
you need. 

Contact the International 
Electronics Marketing Consul- 
tant for the Government of 
Ontario, Canada at this number 

416) 965-5436. Or write to 
the Ministry of Industry, Trade 
and Technology at 900 Bay 
Street, Hearst Block, Toronto, 
Ontario, Canada M7A 2E1. 
Fax: (416) 965-7791. 


POWER 


When your products depend on reliable power, depend on DATEL. 
With 20 years experience in the design and manufacture of power 
products, DATEL's complete line offers 


1W to 30W DC/DC Converters 

single, dual, triple and high voltage outputs 
PC or chassis mounting 

Wide range inputs 

Outstanding regulation, accuracy and low noise 
Line operated supplies, Switching supplies 
Miniature packages 
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Call or write for DATEL's new brochure detailing more than 140 
power products. 
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DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048 (508) 339-3000 
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=z IERC military packaging products 
°° x so include 2IF circuit board retainers, 
= —™ eustom coldwalis and enclosures and 
¢ SEM card cages. 
@ Superior thermal conductivity increases reliability and 
provides higher demsity packaging of electronics 
a Unique /- turm positive LOCK/UNLOCK simplifies board 
replacement and meets MiL-STD-810C for vibration 
and shock 


When the action’s hot. . . JERC comes to the rescue! 
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International Biectronie Resenccs Corporation 
a subsidiary of Dynamics Corporation of America 
135 W. Magnolia Blvd., Burbank, CA 91502 


(213) 849-2481 + (818) 842-7277 + FAX: (818) 848-8872 


mental signal to show up in the F FT output spectrum. 
You may think your FFT is sampling your signal at a 
rate of fs/N, but the converter is actually sampling at 
a rate of fg. 

Once you understand how to use these various tech- 
niques, you can start to probe your particular converter » 
to measure its real performance. Part 3 will discuss 
how you apply these techniques to actually test an 
ADC in your system and determine a number of static 
and dynamic specifications. 
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At Mizar, 
peripheral boards 


a sideline. 


Whatever your application need, Mizar has VMEbus peripherals to match. 


~- 


The right interfaces and controllers are key to 
the performance of your microcomputer system. 
Choosing those peripherals involves finding not 
only a supplier of reliable products, but a com- 
pany that understands systems. 

Mizar and its single- or double-height VMEbus 
boards are the perfect solution: memory cards; 
serial, parallel, and analog/digital boards; SCSI, 
SASI, and GPIB interfaces; and floppy disk, hard 
disk, tape, and Ethernet controllers. 
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Mizar/Integrated Solutions 


When you choose Mizar, you’re backed by one 
of the most respected names in VME. A leader 
in high performance boards and integrated Unix 


and real-time systems, Mizar is your ideal “one- 
stop shop’. 


Above all, Mizar provides the systems support 
you need, including leading software solutions 
and timely technical service. 


To find out more about Mizar’s VMEbus boards 


and systems, or to receive a free catalog, call 
today. 1-800-635-0200 
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Why 8000 of the — 
worlds leading companies 
design PCBs with P-CAD: 


A Supercharged 
Product 
If you're like most PCB 
designers and engineering 


managers, you want PCB 
CAD software that'll help 


> cad 
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With Master Designer you have it 
all: full analog support, including 

filled polygons, curved traces, trace 

hugging and trace plowing. 


you do your job, not dictate 
how you're going to do it. 
That’s why nearly half the 
world’s PC-based PCB 
design is done with P-CAD* 
No other software can get 
your product to market faster 
with more reliable, more 
manufacturable boards. And 
it’s incredibly flexible, too. 

The P-CAD Master 
Designer™ lets you design 
huge boards of up to 2,500 
components, 4,000 nets, 
and 800 component defini- 
tions. Zip through our 
library of over 6,000 parts, 
point and click—no need to 
type in part numbers. Layout 
information is incorporated 
right into the schematic, 
improving your design speed 
and accuracy. Managing 
ECOs is a snap, with com- 
plete forward and back 
annotation. 

Powerful add-on modules 
like Digital Design Lab” 


Analog and Digital Simu- 
lators help you perfect your 
design before you build it. 
For flexibility, nothing 
matches P-CAD’s Master 
Router™ automatic routing 
system. It’s fully re-entrant 
with features like unlimited 
net classes plus route-by- 
window to give you the con- 
trol you need to select the 
best routing strategy for your 
design. Routing priorities 
can be specified up-front to 
ensure that critical signals 
are routed efficiently. Clean 
routing with fewer vias 


Use all the current technologies: 
SMT, high-speed circuits, fine-line, 
ultrafine-line and more. 


reduces your manufacturing 
costs. For the really, tough 
designs, our 100%-comple- 
tion Rip-n-Route™ option 
lets you fine-tune routing 
on-the-fly and create manu- 
facturable boards without 
manual clean-up. 
Everything about P-CAD 
is fully integrated. You go 
from schematic capture to 
simulation, verification, and 
routing, right up to manufac- 
ture, from a single database 
with a single user interface. 
Programmable function 
keys and macros allow you 
to customize your system 
for the way you work best. 


Virtually all popular hard- 
ware configurations are 
supported, including hard- 
ware pan and zoom for 
lightning-fast redraws. An 
open architecture combined 
with the famous P-CAD 


With the flexible P-CAD autorouting 
system, you re never locked into 
preset design strategies. 


Database Interchange 
Format (PDIF) database 
translator makes it easy 

to integrate with MICRO 
CADAM™ mechanical 
design, drafting systems like 
AutoCAD* and documenta- 
tion software like Ventura® 
and Interleaf} complete 
with PostScript® support. 


From A Dedicated 
Company 
P-CAD Master Designer 


comes with a lot more than | 


terrific software and superb 
documentation. P-CAD 


users enjoy the comfort of 
knowing they're never alone. 
They also get outstanding 
support from technical field 
representatives in over 100 
locations with over 19 train- 
ing centers. But that’s not 
all.P-CAD maintains a tech- 
nical support center and 
hot line, user groups and a 
24-hour electronic bulletin 
board. All from the company 
that is the acknowledged 
leader in PCB design and 
analysis software. That’s why 
over 14.000 P-CAD installa- 
tions are slashing PCB design 
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Let Digital Design Lab run, test, 
and debug your circuit before you 
even build a prototype. 


times and boosting profits 
around the world. 

When you combine a 
powerful product with a 
dedicated successful com- 
pany it all adds up to the 
highest- performance PCB 
design system available on 
any platform. 


Call P-CAD today, toll-free: 
800-523-5207 


(in CA 800-628-8748) 
Find out how to put Master Designer to work for you now! 


P-CAD, 1290 Parkmoor Avenue 
San Jose, California 95126 USA 
(408) 971-1300 Fax (408) 279-3752 
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Today, Multibus II is 
supported by a wide range of 
products. Including impor- 
tant recent announcements 
that open new avenues of 
opportunity for engineering 
teams designing for the next 
decade, and beyond. = The 
Multibus Manufacturers 
Group (MMG) members who 
sponsored this ad invite you 
to send for their all-new 1990 
Multibus II Product Data Book. 
It’s full of information on their 
complete lines of Multibus II 
boards, systems, software and 
bus interface chips. And it’s 
available free to qualified 
engineers and managers. ® 
To request your copy just 
send your business card to 
the MMG. Or call our special 
toll free number today: 


800 448 9602. (U.S.and Canada) 


Discover a world of design 
freedom made possible by 

the Architectural Discipline of 
Multibus II. For large, complex 
applications. And small, 
simple ones. Just about any- 
where a PC is not enough. ® 


P.O. Box 6208, Aloha, Oregon 97007 503-696-7155 


CENTRAL DATA 


800-482-0315 FAX 217-359-6904 

Contact: Mark Decker 

Family of high performance intelligent boards 
including single- and dual-channel SCSI 

host adapters, 80386 SBC, communications/ 
terminal controller, and SBX motherboard. 


CONCURRENT TECHNOLOGIES 


217-356:7004 FAX 217-356-6238 

Contact: Jerry Hoffman 

Full line of high performance 386 and 186 CPU 
boards, analog and digital I/O, communica- 
tions, Ethernet, Cheapernet, and 16-channel 
terminal controllers. 


DIGITAL RESEARCH INC. 


408-982-0700 FAX 408-982-0715 

Contact: Director of OEM Sales 

Full-featured systems software OEM products 
including 186, 286 and 386 FlexOS operating 
systems, Token Ring and TCP/IP network soft- 
ware, and new X/GEM graphics user interface. 


HEURIKON CORP. 


800°356:9602 FAX 608-831-4249 

Contact: Jeremy Wright 

Range of quality CPU boards and systems. 
The most recent introduction is a 68030-based 
SBC with on-card Ethernet. 


INTEL 


800-548-4725 

Comprehensive Multibus II solutions: UNIX/ 
iRMX based System 520, new i486 CPU, new 
80386-based modular I/O, and new low cost 
MPI-based I/O. 


MICRO INDUSTRIES 


614-895-0404 FAX 614-882:6357 

Contact: Susan Lawton 

Complete line of Multibus I and II products 
for industrial control, office automation, tele- 
communications, military and aerospace. 
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MICRO MEMORY INC. 


818-998-0070 FAX 818-998-4459 

Contact: Mosé Jadon 

Full line of high density memory modules 
up to 128M bytes ina single card slot. Single 
and dual ports (iPSB/iLBX), Dynamic and 
non-volatile CMOS RAM memories. 


MICROBAR SYSTEMS 


408-720-9300 FAX 408-773-9475 

Contact: Alex London 

Reduces board development cycles to 12 

weeks while meeting your application-specific 
requirements through our design library based 
on 80X86 or 680X0 processors. 


PLX TECHNOLOGY, INC. 


800-759-3753 FAX 415-960-0479 

Contact: Gaylord Galiher 

Low-cost, high drive current, bus interface 
specialists. Programmable and off-the-shelf 
interface chips for Multibus II and all other 
high performance buses. 


SIEMENS AG 


Advertising Dept., 333 State Bridge Road 
Alpharetta, GA 30201 

A complete range of CPU, memory and I/O 
cards, including local buses as OME, AMS, 
SMP, and AT, from the leading European board 
supplier for industrial automation. 


THE WOLLONGONG GROUP 


415-962:7200 FAX 415-969-5547 

Contact: Douglas Ambort 

TCP/IP and NFS protocol suites on Multibus 
computers running the UNIX System V 
Release 3.2 operating system supported on 
the 186/530 and 186/622A. 


XYLOGICS, INC. 


617:272°8140 FAX 617-273-5392 

Contact: Dave Padley 

Full line of very high performance, 
multichannel peripheral controllers under 
development, supporting such interfaces 
as ESDI, IPI and SCSI. 
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INTEROPERABLE 


Nowhere is the virtue of 
Architectural Discipline more 
apparent than in the superior 


interoperability of Multibus II. 


w All Multibus II boards from 
all manufacturers work to- 
gether. Right out of the box. m 
Problematic issues like 
interrupt line assignments, 
dual-port memory allocations 
and slot dependence simply 
don’t exist. m You can even 
mix message passing and 
shared memory communica- 
tions methods. Or migrate 
from one to the other with 
ease. m This makes unipro- 
cessor systems simpler to 
integrate, and multiprocessor 
systems a practical reality. 
And restores the original idea 
behind open bus architec- 
tures —’’mix-and-match”’ 
computing. @ 


derly design approach, and 
Hing more than a PC. 


RELIABLE 


Multibus II’s unique advanced 
features make your application 
more reliable and easier to 
maintain. # Like synchronous 
operation with full parity error 
detection/correction. Built-in 
self test and diagnostic capa- 
bilities. The freedom to plug 
any board into any slot. And 
the system’s ability to auto- 
matically configure each board 
without jumpers or DIP 
switches. # And, naturally, 
Multibus II uses only DIN 
connectors for all backplane 
and I/O connections. = All 
these features are designed 
into the architecture itself, 

as wellas all Multibus I 
boards, backplanes, chassis 
and other products. m 
Multibus II’s Architectural 
Discipline means reliability 
you can depend on. # 


ost of new products make 


SCALABLE 


Only Multibus IT provides 

a virtually linear increase in 
performance as the number of 
boards grows. For scalable 
performance across your com- 
plete systems architecture. m 
Multibus II supports simple 
applications with low-cost 
“dumb” I/O boards, and 
shared memory communi- 
cations. At the highend, 
Multibus II’s cohesive struc- 
ture for multiprocessing 
operates like a 40 Mb/sec. 
Local Area Network. With 
backplane protocols that can 
extend to Ethernet or fiber- 
based LANs. m Of all the 
buses available today, only 
Multibus I is capable of 
efficiently handling the full 
range of applications — from 
simple single-processor 
systems, to very complex 
multiple-CPU applications. 
Just about anywherea PC 
isnot enough. = 
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Multibus' II's Architectural Discipline is your design freec 


SIMPLE 


Multibus I] brings more than 
just power to your application. 
It brings simplicity that speeds 
development and eliminates 
risk. Without compromising 
performance or economy. ® 
The spec itself (IEEE 1296) is 
clean, complete, disciplined. 
It defines a bus that is 
synchronous and highly 
deterministic. » Multibus ITis 
supported by the Multibus I] 
Systems Architecture (MSA) — 
an extensive system-level open 
standard. MSA implements 
advanced functions so you 
don’t have to. And supports 
standard transport protocol to 
simplify complex systems. 
MSA even includes firmware 
for system configuration 

and self-test. » Choosing 
Multibus II can cut months off 
your development cycle. And 
zeros off your budget. 


COST EFFECTIVE 


Multibus II helps you re- 

duce costs in all the places 
you'd expect. Plus quite a few 
you wouldn't. # Initially, 
Multibus I speeds develop- 
ment by increasing on-board 
functionality, and simplifying 
system integration. Which 
doesn’t just reduce costs, it 
helps you recover them faster 
by getting to market sooner. = 
A range of bus interface silicon 
economically meets the needs 
of high-end multiprocessor 
systems, low-cost single-CPU 
applications, and everything 
in between. # Assembly, test 
and maintenance costs are 
reduced by features like 
jumperless board configura- 
tion, and built-in self test 

and diagnostics. For the life 

of your system. 


Multibus II the 
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LEXIBLE 


Architectural Discipline 
increases your choices. Of 
applications you can solve. 
And ways to solve them. m The 
Message Passing Coprocessor 
(MPC) and two new lower cost 
slave interface chips let you 
build systems ranging from 
high bandwidth to low-speed 
I/O. Economically. With full 
compatibility. m You have com- 
plete freedom of processors 
and software. 80x86s, 680x0s 
and 88000s. Running iRMX* 
DOS, OS/2*, UNIX*® FlexOS* 
and VRTX®* In the same box. 
Atthe same time. 8 iSBX* 
iLBX* II, MIX and OME allow 
vast memory expansion and 
custom I/O.m= And, Multi- 

bus II’s unused P2 connector 
opens a world of possibilities. 
Like AT Bus on P2 that’s avail- 
able now. And other buses on 
P2 that are planned. = 
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MULTIBUS II 


RESTORES 


A 


~GREAT 


VIRTUE: 


e 2 year warranty 


Call today for more information or to upgrade your existing Mark 10. 
Inside California 800-624-8396, outside California 800-854-8385. 
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Design Feature 


Basic principles and 
ingenious circuits 
yield stout switchers 


A substantial percentage of power supplies 
are step-down regulators. Although the the- 
ory of step-down, “buck” switching regula- 
tors 1s well established, myriad practical de- 
tats, if mishandled, can spoil the theory’s 
pristine beauty. Luckily, convenient, easily 
applied switching-regulator ICs have re- 
cently become available. 


Jim Williams, Linear Technology Corp 


To design a step-down switching regulator, you can’t 
just copy a circuit from a data sheet or use a theoretical 
method from a book. Designing step-down switching 
regulators means solving a nettlesome host of problems 
and properly following some basic principles. 

By far, the toughest nuts to crack are the magnetic 
components. Magnetic components account for prob- 
ably 90% of the problems in switching-regulator de- 
sign. Because of the overwhelming level of difficulty 
associated with magnetic components, you must choose 
them judiciously. 

The most common magnetic-component problem is 
saturation. An inductor saturates when it cannot sup- 
port any more magnetic flux. As an inductor saturates, 
it begins to look more resistive and less inductive. 
When it’s saturated, only the inductor’s de copper resis- 
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tance and the source’s capacity limit current flow. 
Thus, saturation often results in destruction. 

Although you could apply electromagnetic theory 
(Ref 1), practically speaking, an empirical approach 
is often the best way for you to select inductors. A 
practical approach involves real-time analyses using 
the ultimate simulator—a breadboard. If you desire, 
you can use inductor-design theory to augment or con- 
firm your experimental results. 

Fig 1 shows a typical step-down switching regulator. 
The #845 inductor kit from Pulse Engineering (San 
Diego, CA) proves useful at the breadboard stage. Fig 
2a shows the results of installing a 450-wH, high-capac- 
ity-core inductor in Fig 1’s circuit and the circuit run- 
ning at its intended voltage and current levels. Trace 
A is the regulator-IC Vey pin’s voltage; trace B shows 
its current. When Vey is high, inductor current flows. 
This particular inductor’s high value results in the cur- 
rent rising relatively slowly. The circuit’s behavior is 
linear, indicating that no saturating is occurring. 

Fig 2b shows the results of installing a lower-value 
unit. Although the current rises at a steeper rate, the 
inductor does not saturate. Fig 2c shows a still lower 
inductance. Here the current ramp is quite pro- 
nounced, but still well controlled. Fig 2d brings some 
informative surprises. This high-value unit, wound on 
a low-capacity core, starts out well but saturates rap- 
idly; it is clearly unsuitable. 

Trying out different inductors this way quickly nar- 
rows your choice to a range of devices. Several may 
produce acceptable results. You could further select 
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Magnetic components account for probably 
90% of the problems in switching-regulator 
design. 


the optimal unit on the basis of other parameters, such 
as cost, size, and operating temperature. A standard 
device may suffice, or the inductor manufacturer can 
supply a customized version. 


The invasion of the drawer dwellers 


An alternate inductor-selection method exists—one 
favored by those who have no inductor kit, time, or 
adequate instruments. You can use this alternate 
method when faced with an immediate deadline and a 
drawer full of inductors of unknown or questionable 
lineage. Confronting these challenges, engineers often 
simply insert one of these drawer dwellers into an 
unsuspecting circuit. 

Although this method’s theoretical underpinning is 
perhaps questionable, its seemingly limitless popular- 
ity compels coverage. At Linear Technology, we’ve 
developed a 2-step procedure for screening inductors 
of unknown characteristics. Inductors passing both 
stages of the test have an excellent chance (75%— 
based on a sample of randomly selected inductors) of 
performing adequately in a prototype circuit. The only 
instruments required are an ohmmeter and a scale. 

The first test consists of weighing the candidate in- 
ductor. Acceptable limits range between 0.01 and 0.25 
lbs. The second test involves measuring the inductor’s 
de resistance. Acceptable limits are usually between 
0.01 and 0.250. | 

When using an inductor selected by this method, 
by all means try low power first, then gradually in- 
crease loading. As you increase loading, observe the 
inductor’s and regulator chip’s heating, making sure 
that their dissipation is no more than warm to the 
touch. Disproportionate heat increases as you increase 
the load probably indicate that the inductor is saturat- 
ing. Either reduce the load or go back to the drawer 
and try again. 


Capacitors require consideration 


Think carefully about your capacitors’ requirements, 
as you must account for all operating conditions. 
Though voltage rating is the most obvious considera- 
tion, remember to also plan for the effects of the capaci- 
tors’ equivalent series resistance (ESR) and induc- 
tance. These specifications can have significant impact 
on your circuit’s performance. In particular, an output 
capacitor with high ESR can make compensating the 
loop difficult or decrease efficiency. Other considera- 
tions are layout, diode breakdown, and switching re- 
quirements. 
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INDUCTOR 


Fig 1—You can use a typical switching-regulator circuit to sample 
candidate inductors. 


Layout is vital. Don’t mix signal, frequency-compen- 
sation, and feedback returns with high-current returns. 
Arrange the grounding scheme for the best compro- 
mise between ac and de performance. In many cases, 
a ground plane may help. Account for possible effects 
of stray flux from the inductor or other components 
and plan your layout accordingly. 

You must think through diodes’ breakdown and 
switching ratings and account for all operating condi- 
tions. Transients usually cause the most trouble for 
diodes, introducing stresses that are often hard to pre- 
dict. Study the datasheet’s breakdown, current capac- 
ity, and switching-speed ratings carefully. Ask yourself 
if these specifications were determined under the same 
conditions as those in your circuit. If in doubt, consult 
the manufacturer. 

Switching diodes have two important transient char- 
acteristics: reverse-recovery time and forward turn-on 
time. Reverse-recovery time occurs because the diode 
stores charge during its forward-conduction cycle. This 
stored charge causes the diode to act as a low-imped- 
ance conductive element for a short period of time after 
reverse drive is applied. 

Hard turn-off diodes switch abruptly from one state 
to the other following reverse-recovery time. They 
therefore dissipate very little power, even with moder- 
ate reverse-recovery times. Soft turn-off diodes have 
a gradual turn-off characteristic that can dissipate con- 
siderable power during the turn-off interval. 

Even fast diodes can be useless if stray inductance 
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Fig 2—After installing a 450-pH, high-capacity-core inductor in the test circuit the waveforms in (a) result: Trace A is the regulator-IC 
Vsw pin’s voltage; trace B is its current waveform. A lower-value, 170-wH inductor produces these waveforms (b). After installing an even 
lower-value, 55-~H inductor, the current ramp becomes quite pronounced (c). In ( d), a 500-pH, low-capacity-core inductor plainly has too 
low a value because the current waveform shows that the inductor has quickly saturated. 


in the diode, output capacitor, or control loop is high. 
Remember that 20-gauge hook-up wire has 30 nH/in. 
of inductance. Currents switching on the order of 10 
A/see are typical in regulator circuits. These fast- 
changing currents can easily generate several volts/in. 
across the wiring’s stray inductance. Keep the diode, 
capacitor, and regulator-chip-lead lengths short. 

The basic step-down configuration of Fig 1 is rela- 
tively free of frequency-compensation difficulties. A 
simple RC damper network from the Vc pin to ground 
will usually suffice. Things become more complex when 
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you add gain- and phase-contributing elements to the 
regulator’s control loop. In these cases, you should 
view the regulator IC as a low-bandwidth power stage. 
The stage’s delays arise from the sampled-data nature 
of its power delivery (100-kHz switching frequency) 
and its output LC filter. In general, limiting the regula- 
tor’s gain-bandwidth product below that of the added 
loop elements will stabilize such a complex loop. This 
principle accords with established feedback theory. 
Squeezing the utmost efficiency out of a switching 
regulator is a complex, demanding design task. Effi- 
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The most common magnetic-component 
problem is saturation. 


ciency exceeding 80 to 85% requires some combination 
of finesse, witchcraft, and just plain luck. Interacting 
electrical and magnetic terms produce subtle effects 
that influence efficiency. A detailed, generalized 
method for obtaining maximum converter efficiency 
isn’t possible, but some guidelines do exist. 

Losses fall into several loose categories including 
drive, Junction, ohmic, switching, and magnetic. Semi- 


SSS 


conductor junctions produce losses. Diode drops in- 
crease with operating current and can be quite costly 
in low-output-voltage switchers. For example, a 700- 
mV drop in a 5V-output switcher introduces more than 
a 10% loss. Though Schottky devices will cut the loss 
nearly in half, it is still appreciable. The ohmic losses 
in germanium diodes (now rarely used) are lower still, 
but switching losses negate the low de drop of germa- 


Techniques and equipment measure changing current _ 


Accurately measuring rapidly 


changing current flow is essential | 

to switching-regulator design. In _ 
ience, broad bandwidth, and de 

_ response make Hall-effect, stabi- 

tion than do voltage measurements. 


- many cases, current waveforms 
contain more valuable informa- 


The most powerful and conven- 
ient current-measuring tool is the 
clip-on current probe. The 


Tektronix P-6042 (bottom left in — 
Fig A) is a Hall-effect, stabilized _ 


current transformer that re- 
sponds from de to 50 MHz. 


These clip-on probes contain a _ 


current transformer and a Hall- 
effect transducer. The transducer 


senses current at de and low fre- 
quencies; the transformer simul- 


taneously processes the signal’s 
high-frequency content. Their de 


response allows you to determine 


the de content of high-speed cur- 
rent waveforms. Sensitivities 


Fig A—A host of devices can help you 
make current measurements. 


range from fractions of a milliam- 


pere to amperes. 
~The combination of conven- 


lized current probes the instru- 


ments of choice for converter de- 
signers. : 
Transformer-based dies cur-— 


rent probes are also available. — 


Though they lack the de response 

of their Hall-effect cousins, — 

they’re still quite useful. The © 

Tektronix type 131 (upper left, 

_ Fig A), and the more modern 134, 
respond from hundreds of hertz - 


to about 40 MHz. 
AC current probes are se 


_ available with a simple termina- 
tion (left foreground Fig A). : 
_ These devices are more difficult 
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Fig B—Trace A is the output of a stabi- 
lized Hall-effect current probe, and trace 
B is the same signal measured with a 
transformer-based probe; clearly, the 
transformer-based probe is useless at low 
frequencies. 


to use than the actively termi- 


_ nated models because of their 


complex gain switching. Their 


low-frequency response is also 


poorer, although their high- 


_ frequency response exceeds 
100 MHz. 


The simple transformer (Fig 


A’s foreground) is a final form of 
_ac current probe. These trans- 


formers are not clip-on devices, 


and they usually have significant 
performance limits compared 
with the clip-on instruments. 
_ However, they are inexpensive 
and can provide meaningful 


measurements when used accord- 


_ing to manufacturers’ recommen- © 


dations. In practice, you thread 
the conductor through the open- 
ing provided and monitor the sig- 
nal at the transformer’s output 
pins. . 

Fig A also shows a wide-rang- 
ing de clip-on current probe. The 


Hewlett-Packard 428B (upper 


right) responds from de to only 
400 Hz but features 3% accuracy 
over a 100-yA to 10A range. The 
instrument obviously cannot dis- 
tinguish high-speed events, but it 
is invaluable for determining 
overall efficiency and quiescent 
current. 

A great strength of these 
probes is that they take a fully 
floating measurement. Extract- 
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nium at high switching speeds. In very low-power 
switchers, germanium’s reverse leakage may be 
equally oppressive. Synchronously switched rectifiers 
are more complex, but can sometimes simulate a more 
efficient diode. 

When evaluating rectifying and switching schemes, 
remember to include both ac and dec drive losses in 
your efficiency estimates. DC losses include base or 


gate current in addition to de consumption in any driver 
stage. AC losses might include the effects of base or 
gate capacitance, transition-region dissipation (the 
switch spends some time in its linear region), and 
power lost because of timing skew between drive sig- 
nals and actual switch action. 

The LT1074 regulator IC’s output switch, for exam- 
ple, comprises a PNP transistor driving a power NPN 


ing current information via mag- 
netic coupling eliminates com- 
mon-mode voltage considera- 
tions. As good as they are, how- 
ever, current probes have limits 
and characteristics that you must 
remember in order to avoid un- 
pleasant surprises. At high cur- 
rents, for example, the probe 
may saturate. The saturation will 
corrupt the resulting CRT wave- 
forms, rendering the measure- 
ment useless and confusing the 
unwary. : 

Further, for Hall-effect types, 
— noise interferes with measure- 
- ments below a few hundred mi- 
croamperes. Luckily, this noise is 
obvious on the display. 

Keep in mind that signal-tran- 
sit delays vary from current — 


probe to current probe and all are | 


different from voltage probes. At 


Fig C—Current shunts are low-value re- 
sistors having 4-terminal connections for 
accurate current measurements. 
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high-sweep speeds these effects 
show up in multitrace displays as 
time skewing between individual 
channels. You can mentally factor 
in the current probes’ transit- 
time delay to reduce error when 
interpreting the display. Note 
that active probes have the long- 
est signal transit, on the order 
of 25 nsec. 

When interpreting CRT dis- 


plays,you must also keep in mind 


the low-frequency bandwidth re- 


_ strictions of ac current probes. 


Fig B clearly demonstrates this 
principle by showing the ac 
probe’s inability to follow low fre- 
quency. Similarly, remember 
that the probe’s stated bandpass 
is —3 dB, meaning that signal in- 
formation is not entirely present 
in the display at this frequency. 
When working at, or approach- 
ing, either end of the probe’s 


| bandpass consider that displayed 


information may be distorted or 
incomplete. 

There are other ways to meas- 
ure wideband current signals, al- 
though they’re less convenient 
and desirable than clip-on current 
probes. Current shunts (Fig C, 
foreground) are low-value resis- 
tors with 4-terminal connections 
for accurate measurement. In 
theory, measuring voltage across 
a current shunt should yield accu- 


rate information. In practice, 
common-mode voltages introduce 
measurement difficulties, particu- 
larly at speed. Making such meas- 
urements requires an isolated 
probe or high-speed differential 
oscilloscope plug-in. The isolation 
amplifier in Fig C from Signal Ac- 
quisition Technologies (Minden, 
NV), has a 10-MHz bandwidth, 
a galvanically floating input, and 
600V common-mode capability. 
The instrument allows any oscil- 
loscope to take a floating meas- 
urement across a shunt. 
Differential oscilloscope plug- 
ins, while not galvanically float- 
ing, can measure the voltage 
across a shunt. Tektronix types 
W, 1A5, and 7A18 have 1-mV 
sensitivity with a bandwidth as 
high as 100 MHz and excellent 
common-mode rejection. Types 
1A7 and 7A22 have 10-yV sensi- 
tivity, although their bandwidth 
is limited to 1 MHz. All differen- 
tial plug-ins have bandwidth or 
common-mode-voltage restric- 
tions that vary with sensitivity. | 
You must review these tradeoffs 
when you select the optimal 
shunt value for a particular meas- 


~ urement. In general, the smallest 


practical shunt value is prefer- 

able. This small value minimizes 
the inserted resistance’s parasitic 
effects on the circuit’s operation. 


Ne enna 
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An empirical approach, using the ultimate 
sumulator—a breadboard—us often the best 
way for you to select inductors. ° 


transistor. The switch’s drop can reach 2V at high 
currents. This drop will usually be the major loss in 
the circuit. You can mitigate the drop’s effect on effi- 
clency by using the highest possible input voltage. 
Higher output voltages will further minimize losses. 

Actual losses from switch-saturation effects and di- 
ode drops are sometimes difficult to precisely ascertain. 
Changing duty cycles and time-varying currents make 
determining losses tricky. One simple way to judge 
relative losses is to measure various devices’ tempera- 
ture rises. Appropriate tools here include thermal 
probes and, at low voltages, the perhaps more readily 
available human finger. At lower power, even though 
the percentage of loss may be as great, the latter “digi- 
tal” technique is less effective. Sometimes deliberately 
adding a known loss to the component in question and 
noting changes in efficiency allows you to determine 
actual losses. 

Ohmic losses in conductors are usually only signifi- 
cant at higher currents. Hidden ohmic losses include 
socket and connector-contact resistance and ESR in 
capacitors. ESR generally drops with capacitor value 
and rises with operating frequency. Consider the cop- 
per resistance of inductive components. You must often 
evaluate tradeoffs of an inductor’s copper resistance 
versus its magnetic characteristics. | 

Switching losses occur when the switching device 
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spends significant amounts of time in its linear region 
relative to operating frequency. At higher switching 
frequencies, transition times can engender substantial 
losses. 

The design of the magnetic components also influ- 
ences efficiency. Inductive-component design is well 
beyond the scope of this article, but some of the trade- 
offs and specifications include core-material selection, 
wire type, winding techniques, size, operating fre- 
quency, current levels, temperature, and others. No 
substitute exists for access to a skilled magnetic-com- 
ponents specialist. Fortunately, the nonmagnetic losses 
previously mentioned usually dominate, allowing you 
to obtain good efficiencies with standard magnetic com- 
ponents. Thus, you usually need to employ custom 
magnetic components only after you have reduced 
other circuit losses to their lowest practical level. 


Practical circuits 


To illuminate practical circuits, first reconsider the 
simple example of a voltage step-down regulator in Fig 
1 with a 150-~H inductor installed. Conceptually, you 
can think of the regulator IC as having a switch be- 
tween its Vj, and Vgw pins. When this “switch” closes, 
the input voltage appears at the inductor. Current 
flowing through the inductor-capacitor combination 
builds over time. When the switch opens, current flow 
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Fig 3—In these operating waveforms for Fig 1’s circuit with a 150-~H inductor installed and Vin =28V, trace A is the Vsw pin’s voltage 
and trace B is its current. Inductor current appears in trace C and diode current in trace D. The waveforms in (a) correspond to a 5V, 
1-kQ, load while the waveforms in (b) show significant duty-cycle changes when the input voltage drops to 12V. 
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ceases and the magnetic field around the inductor col- 
lapses. 

As Faraday demonstrated, the voltage that the col- 
lapsing magnetic field induces is opposite in polarity 
to the originally applied voltage. As such, the induc- 
tor’s left side becomes negative and the diode clamps 
it to ground. The capacitor’s accumulated charge has 
no discharge path and a de potential appears at the 
output; the de potential is lower than the input voltage 
because the inductor limits current during the switch’s 
on time. In this basic circuit, feedback-controlled 
switching action regulates the output voltage. Switch 
on time, and thus inductor charge time, vary to main- 
tain the output-voltage level against changes in input 
voltage or output loading. 

Ideally, no dissipative elements exist in this voltage 
step-down conversion. Thus, although the output volt- 
age is lower than the input voltage, no energy-conver- 
sion losses occur. In practice, the circuit elements do 
have losses, of course, but step-down regulator effi- 
ciency is still higher than with inherently dissipative, 
voltage-divider approaches. 

Components at the regulator IC’s Vc compensation 
pin control the IC’s frequency compensation, stabilizing 
the feedback loop. You select the feedback resistors 
to force the voltage at the FB feedback pin to match 
the device’s internal 2.5V reference value. 

Fig 3a shows operating waveforms for the regulator 


LT1074 


FB 


2k 


ADJ 


= 470 pF 


NOTE: L, = PULSE ENGINEERING PE-65050 


at Vin=28V with a 5V, 1-k© load. Trace A is the Vsw 
pin’s voltage; trace B is its current. Inductor current 
appears in trace C; diode current appears in trace D. 
Examining the current waveforms allows you to deter- 
mine the V.w’s and diode path’s contributions to the 
inductor’s current. Note that the inductor current’s 
waveform occurs on top of a 1A dc level. Fig 3b shows 
significant duty-cycle changes when Vy, drops to 12V. 
This lower input voltage requires longer inductor- 
charge times to maintain the required output level. 


Dual-output step-down regulator 


Fig 4, a logical extension of the basic step-down 
switching regulator, provides positive and negative 
outputs. The circuit is essentially identical to Fig 1’s 
basic switcher, except that it has a winding coupled 
to L,. This floating winding’s output gets rectified, 
filtered, and regulated to a —5V output. The negative 
output can use a positive voltage regulator because its 
floating bias allows you to assign the regulator’s output 
terminal to ground. You can also reference its output 
to any voltage within the breakdown capability of the 
device. Hence, the secondary output could be +5V 
or, if stacked on the +15V output, +20V. 

Flux pickup from L,’s driven winding sets the limit 
for negative output power. With a 2A load at the +15V 
output, the —5V output can supply more than 500 mA. 

You can also obtain negative outputs with a simple, 


O +15V OUTPUT 


4.99k, 
0.1 pF 1% 


O -5V OUTPUT 


Fig 4—Adding a coupled winding to the basic circuit’s inductor allows you to tap off a floating auxiliary output. 
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Confronting the challenge of selecting the 
proper inductor, engineers often simply in- 
sert an anonymous drawer dweller into an 
unsuspecting circutt. 


2-terminal inductor instead of a multiwinding inductor 
(Fig 5). You essentially ground the inductor and steer 
the catch diode’s negative current to the output. IC, 
closes the loop by inverting and scaling the negative 
output to the regulator IC’s feedback pin. The 1% resis- 
tors’ scale factor sets output voltage; the RC network 
around IC, gives frequency compensation. Waveforms 
for this circuit are reminiscent of Fig 1’s, with the 
exception that diode current is negative. 


IC, 
LT1074 


NOTE: L, = PULSE ENGINEERING PE-92116 
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Vo 


NOTE:L, = PULSE ENGINEERING 
#PE-51509 


Fig 6, which we call “Nelson’s circuit,” provides the 
same function as the previous circuit, but eliminates 
the level-shifting op amp. Circuit ground is common 
to input and output. Connecting the regulator IC’s 
ground pin to the negative output accomplishes the 
design’s level shift. The regulator IC senses feedback 
relative to the circuit’s ground, and it drives its output 
so as to force its feedback pin to be 2.5V above its 
ground pin. The previous negative-output circuit has 


MBR745 
—5V OUTPUT 


Fig 6—This negative-output circuit eliminates the level-shifting op amp. Connecting the regulator IC’s ground pin to the negative output 


accomplishes this design’s level shift. 


_—_ EEE 
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LT1074 


NOTES: * = 1% FILM RESISTOR 
L, = PE65282 


-5V OUTPUT 
10 AMPS 


MBR1045 


1000 UF 
basin 3000 pF 


Fig 7—Don’t be fooled. D, is not a catch diode; it’s part of a snubber circuit. D, 1s the catch diode. When D. conducts, it switches out a 
portion of the inductor’s turns, forcing the inductor’s magnetic field to deliver its stored energy through an effectively smaller inductance 


and thereby increasing the circuit’s output-current capability. 


two advantages, compared with Nelson’s. First, the 
package can directly contact a grounded heat sink. 
Second, the IC’s control pins are ground referred. 

Note that the inductor values in both negative-out- 
put designs are notably lower than in the positive- 
output designs. The reduced loop-phase margin of 
these circuits demands the lower-value inductors. 
Higher inductance values, while preferable for limiting 
peak current, will make the loop unstable or even cause 
it to oscillate. | 


Current-boosted step-down regulator 


Fig 7 shows a novel way to obtain significantly 
higher output currents—by utilizing efficient energy 
storage in the regulator IC’s output inductor. The tech- 
nique prolongs current flow from the inductor and 
thereby effectively increases the inductor’s duty cycle, 
compared with the standard step-down switching regu- 
lator’s, allowing more energy storage in the inductor. 
But beware, the increased output current comes at the 
cost of higher output-voltage ripple. 

The key to the design is its tapped inductor. With 
it, the circuit has current gain. If N is the ratio of 
switch-side turns to output-side turns, current deliv- 
ered to the output will be N+1 times higher during 
the Voy’s off time as compared to the current flowing 
during its on time. 

Fig 8 shows the circuit’s operating waveforms. Its 
operating characteristics are initially similar to that 
of the step-down switching regulator in Fig 1. During 
Vsw’s on time (trace A), the regulator IC applies the 
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TRACE 


VERTICAL 
50V/DIV 
5A/DIV 
10A/DIV 
10A/DIV 
10A/DIV 
10A/DIV 


Fig 8—In these operating waveforms for Fig 12’s circuit, trace A 
is Vsw’s voltage, trace B is its output current, trace C is the snubber 
circuit’s D, current, trace D is the inductor’s input current (minus 
the snubber circuit’s contribution), trace E is the current through 
D,, and trace F is the output current. 


input voltage to one end of the tapped inductor. Be- 
cause inductor current (trace F) is still present, current 


from the Vgw pin (trace B) ramps up almost instantane- 


ously, then slows as the core stores energy. The cur- 
rent proceeds into the inductor (trace D) and finally 
to the load. 
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Think carefully about your capacitors’ re- 
quirements; you must account for all operat- 
ing conditions. 


When the Vey pin is off, current is no longer avail- 
able to charge the inductor. The magnetic field there- 
fore collapses, causing the Vey pin’s voltage to go nega- 
tive, ending the similarity to the basic regulator. In 
the modified version the output current (trace F) re- 
celves a boost as the magnetic field collapses. The boost 
results when the energy stored in the tapped inductor 
transfers to the output. This current step circulates 
through Cl and D2 (trace E) and increases the output- 
voltage ripple. 

Not all the energy, however, transfers to the output- 
side turns. Current (trace C) will continue to flow in 
the switch-side winding because of leakage inductance, 
whose effects are suppressed by a snubber network. 
To minimize snubber losses, the tapped inductor is 
bifilar wound for maximum coupling. 


NOTE: L, = PULSE ENGINEERING PE-51516 


(a) | = 


Peg] 
1 2 


+ 
NOTE:L, = PULSE ENGINEERING PE-51516 ij 
(b) = 


In most instances the switching regulator’s output 
will go directly to the load. However, those applica- 
tions requiring faster transient response or reduced 
noise will benefit from linear post regulation. To incur 
minimal efficiency losses, you must set the switching- 
regulator IC’s output to provide just enough voltage 
to the linear regulator to maintain regulation. In such 
applications, a low-dropout linear regulator works best. 


Post regulation, variable case 


Some applications require variable linear post regu- 
lation (Fig 9a). The circuit operates with little effi- 
ciency sacrifice. The linear regulator operates in nor- 
mal fashion, supplying a variable 1.2 to 28V output. 
The remainder of the circuit forms a switched-mode 
preregulator that maintains a small, fixed voltage 


Ic, 
IN LT1085 OUT 


ADJ 


IN4148'S 
E DIODES 


(~1.8V) 
© 


TO 


LT1086 
OUTPUT 


LT 1004 
1.2V 


Fig $—The feedback loop of this variable-output regulator, (a), ensures that the voltage impressed across the linear postregulator, set 
by the “E” diode string, is always just the minimum voltage it needs to operate. The optional circuit in (b) permits output voltages down 


to OV. 
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The industry's reliance on Grayhill leader- 
ship has received another boost with the 
implementation of SPC manufacturing tech- 
niques to our DIP switch lines. (Note: SPC 
data not yet available for all configurations.) 


In-line measurements are control-charted. 
Variations are identified to maintain pro- 
cesses within controlled limits. Only accept- 
able product comes off the Grayhill line and 
onto yours! 


i wet 
sat. fA 


Grayhill DIP Switches are tested every step of ‘your DIP switch supplier can't give you. 
the way in the manufacturing process. If initial parts per million data, youshouldbetalking =p a 
contact resistance varies trom control limits, the — to Grayhill. We offer you the widest choice _Variable data is entered electronically at production 
problem is immediately diagnosed andcured. _of D|P switch actuators, stations, and sites and transmitted to the Grayhill mainframe 
circuitries, including MIDIP™ machine- to track performance and compile reports. _ 
insertable switches. Prices are competitive, 
but we offer features as standard that are 
_ extras elsewhere. 


Grayhill DIP switches, as well as rotary and 
pushbutton switches, keyboards, solid state - 
relays and I/O modules, are available from 
authorized distributors world-wide and are 


____ 561 Hillgrove Avenue, P.O.Box10373_ 
LaGrange, Illinois 60525-0373 USA  . 
_ Phone: (312) 354-1040 FAX: (312) 354-2820 
TLX or TWX: 190254 GRAYHILLLAGE —_ 


This machine automatically testsevery DIP _—sS_ ffi. 
____ switch for actuation force. We getreliableppm 
data and you getreliableDIP Switches. —ses 
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Layout 1s vital; don’t mix signal, frequency- 
compensation, and feedback returns with 
high-current returns. 


across the linear regulator regardless of its output. 

IC; biases the step-down switching regulator to pro- 
duce whatever voltage is necessary to maintain the “E 
diodes” potential across the linear regulator. You can 
adjust the number of diodes in the “E diode” string 
to achieve different voltages across the linear regula- 
tor. IC,’s inputs are balanced when the linear regula- 
tor’s output is “E diodes” below its input. IC; maintains 
this condition regardless of line, load, or output-voltage 
conditions. Thus, the circuit maintains good efficiency 
over the full range of output voltages. The RC network 
at IC; compensates the loop. 

Deliberately introducing a positive offset to IC; en- 
sures loop startup. Grounding IC;’s appropriate bal- 
ance (in this case pin 5), induces the offset, resulting 
in a positive 6-mV offset, which, normally considered 
poor practice because it increases amplifier drift, 
causes no measurable error in this application. As 
shown, the circuit cannot produce outputs below the 
regulator IC’s 1.2V internal reference. Applications re- 
quiring outputs adjustable down to OV will benefit from 
the option in Fig 9b, which replaces L, with L,. L,’s 
primary winding performs the same function as L,’s, 
while its coupled secondary winding produces a nega- 
tive-bias output, — V. The negative bias allows regu- 
lated outputs down to OV. 

The — V potential derived from L,’s secondary wind- 
ing varies considerably with operating conditions; 
wildly varying duty cycles necessitate the optional cir- 
cuit’s full-wave bridge rectifier. The high feedback 
string values and IC,’s buffering ensure that the circuit 
will be stable for “starved” values of —V. IC, and its 
attendant circuitry replace all components associated 
with the linear regulator’s ADJ pin. 


Low quiescent-current regulators 


Many applications require currents in the ampere 
range under normal conditions, but only microamperes 
while in standby or “sleep” mode. A typical laptop 
computer, for example, may draw 1 to 2A running, 
but need only a few hundred microamperes for its mem- 
ory when turned off. In theory, any regulator, with a 
loop properly designed to be stable under no load, will 
work. In practice, a switcher having relatively large 
quiescent current may be unacceptable because of ex- 
cessive battery drain during low current-output peri- 
ods—even if it operates serenely. 

Fig 10’s simple loop effectively reduces circuit quies- 
cent current from 6 mA to only 250 pA. The circuit 
uses the regulator IC’s shutdown pin. When the circuit 
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IC, 
LT1074 


Fig 10—This circuit’s simple loop reduces its quiescent current from 
6 to only 250 mA by switching the regulator off at low loadings. 


pulls this pin to within 350 mV of ground, the IC shuts 
down and draws only 1200 wA. Short on times keep 
the duty cycle low, resulting in the small, effective 
quiescent current. Comparator IC, combines with the 
regulator IC’s reference and Q, to form a “bang-bang” 
control loop around the regulator IC, which bypasses 
the regulator IC’s internal feedback amplifier and ref- 
erence. 

When the circuit’s output falls slightly below 5V, 
IC,’s output switches low, turning off Q, and enabling 
the regulator IC. The Vgw pin then pulses at full duty 
cycle, forcing the output back above 5V. IC, then bi- 
ases Q, on again, the regulator IC goes into shutdown, 
and the external loop’s action repeats. The frequency 
of this on-off control action is directly load dependent, 
with typical repetition rates of 0.2 Hz at no load. The 
on-off operation combines with the LC filtering action 
in the regulator’s Vgw line to generate an output hys- 
teresis of about 50 mV. 

The external loop performs well but has two poten- 
tial drawbacks. At higher output currents the loop 
oscillates in the 1 to 10-kHz range, causing audible 
noise, which users may object to. Also, the control 
loop’s operation forces about 50 mV of ripple on the 
output. Ripple frequency ranges from 0.2 Hz to 10 
kHz depending on input voltage and output current. 
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Transients usually cause the most trouble 
for diodes, introducing stresses whose results 
are often hard to predict. 


Fig 11’s more sophisticated circuit eliminates these 
two problems with some increase in complexity while 
maintaining quiescent current at 150 wA. The tech- 
nique is particularly significant, having broad implica- 
tions in battery-powered systems because you can eas- 
ily apply it to a wide variety of regulators. 

Fig 11’s signal flow is similar to Fig 10’s, but addi- 
tional circuitry appears between the feedback divider 
and the regulator IC. The circuit does not use the 
regulator IC’s internal feedback amplifier and voltage 
reference. Under no load, the output voltage will 
slowly ramp down over a period of seconds, during 
which the comparator IC,’s output is low, as are the 
outputs of the paralleled 74C04 inverters. The in- 
verters, in turn, pull the regulator IC’s V¢ pin low, 
forcing the IC to a zero duty cycle. Simultaneously, 
IC,’s output is low, putting the regulator in shutdown 
mode. Therefore, the Vegw pin is off and no inductor 
current flows. 

When the output drops by about 60 mV, IC, triggers 
and the inverters go high, pulling the V_. pin up and 


L, 
35 YH 


LT1074 MBR745 


< 

Bs 

3 
. 


biasing the regulator. IC, also rises, taking the IC out 
of shutdown mode. The Vey pin then pulses the induc- 
tor at its normal, 100-kHz clock rate, causing the out- 
put to rise abruptly. This action trips IC, low, forcing 
the Vc pin back low and shutting off Vgw’s pulsing. 
IC, also goes low, putting the IC back into shutdown. | 

This “bang-bang” control loop keeps the 5V output’s 
level within the loop’s 60-mV hysteresis window. Note 
that compared with theloop’s oscillation period of sec- 
onds, the R,-C, time constant at V¢ is not significant. 
Because the regulator spends almost all of its time in 
shutdown mode, the circuit draws very little quiescent 
current—150 wA. 

As the load increases, the loop’s oscillation frequency 
increases to keep up with the load’s demand; R,-C, 
begins to filter the waveform at the V¢ pin. If the load 
continues to increase, the loop’s oscillation frequency 
will also increase. The R,-C, time constant, however, 
is fixed. Beyond some frequency, R,-C, must average 
loop oscillations to de. Here, the V; waveform becomes 
heavily filtered at loads of 7 mA and above. At 1A 


O+5 OUTPUT 


18k* 0.01 pF 
R, Cs 


0.033 pF 


NOTES: L, = PULSE ENGINEERING PE-92103 
* = 1% METAL FILM RESISTOR 
** = TYPICAL VALUES — SEE TEXT 


Fig 11—The RC filter at the regulator IC’s V- pin gradually filters the quiescent-current, switched-feedback circuit’s pulsed output to a 
steady dc signal as the output load increases, thereby canceling unwanted cycling of the regulator IC at high loads. 
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“The final design has the 
circuit board in the back, 
but the LEDs must be 
ke in the front. 


Now wnat?!’ 


Call ita problem that could have lead to 
considerable expense. The customer thought he'd 


have to add several steps to his assembly process. 


Instead he called Dialight. 

As the leader with over half a century of 
experience in every type of indicator light, for 
Dialight solving problems is standard operating 
procedure. Applying our engineering expertise In 
optoelectronics and utilizing state of the art 
CAD equipment, we rapidly proceeded to custom 
design the ideal solution — a totally integrated, 
remote LED indicator. Not only did it fit the unit 
perfectly but it also saved the expense and effort 
of cumbersome wiring, soldering, and testing. 
Plus it added the reliability of a push-on connector 
for easy assembly. All while being low cost. And, 
thanks to our extensive in-house tool fabrication 
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ll indications are Dialight. 


and molding facilities, we delivered it virtually 
overnight. 

Saving costs while solving problems is 
something we've long done with our panel mount 
and circuit board LEDs. Over the years customers 
have asked us to pair gang, piggyback, right angle 
mount, recess, bicolor, tricolor, slant, standoff, 
snap-mount, bin, do whatever you can imagine to 
them and we haven't been stumped yet! 

So, the next time you think there's a remote 
chance of finding the right solution to an indicator 
design issue, remember that no one has more 
solutions than Dialight. 


A Cambridge Electronic Industries Co. 
1913 Atlantic Avenue, Manasquan, NJ 08736 201-223-9400 


CIRCLE NO. 86 165 


In theory, any regulator, with a loop properly 
designed to be stable under no load, will 
work. 


loads, the regulator IC’s V¢ pin will see pure de; the 
regulator IC will be running at its full 100-kHz clock 
rate. 

With the Vc. pin at de, you can conveniently think 
of IC, and the inverters as a linear error amplifier 
with a closed-loop gain set by the R,-R; feedback di- 


vider. In fact, IC, is stzll trying to modulate the duty » 


cycle at the Vc; pin, but at a rate far above R,-C,’s 
break frequency. R,-C,’s roll-off and the phase lead of 
C, into IC, dominate C,’s phase error (C, was, after 
all, selected for low loop frequency at low output cur- 
rents). 

The loop is stable and responds linearly for all loads 
beyond 10 mA. In its high-current region, the regulator 
IC is desirably fooled into behaving like a conventional 
step-down regulator. 


Formal analysis difficult 


A formal stability analysis for this circuit is quite 
complex; simplifying it somewhat lends insight into the 
loop’s operation. At 250 pA, C, and the 20-kQ) load 
form a decay-time constant exceeding 80 sec. This de- 
lay is orders of magnitude larger than R,-C., R,-C,, 
or the regulator IC’s 100-kHz commutation rate. As a 
result, C, dominates the loop. Wideband comparator 
IC, sees phase-shifted feedback, and very low-fre- 
quency oscillations occur. Although C,’s decay time 
constant is long, its charge time constant is short be- 
cause the circuit has low sourcing impedance. This dif- 
ference accounts for the ramp nature of the oscillations. 

Increased loading reduces the C,-load decay time 
constant. As loading increases, the loop oscillates at a 
higher frequency because of C,’s decreased decay time. 
When the load impedance becomes low enough, C,’s 
decay time constant ceases to dominate the loop. R, 
and, IC, almost entirely determine this point. Once R, 
and IC, reign as the dominant time constant, the loop 
begins to behave like a linear system. Now, C3 becomes 
significant, performing as a simple feedback lead to 
smooth output response (“zero compensation” for all 
you technosnobs out there). 

A fundamental tradeoff exists for C.,’s phase lead. 
When the switcher is running in its linear region, C;’s 
phase lead must dominate the loop’s time-lag-gener- 
ated hysteretic characteristic. As such, select C3 to 
be the best compromise between output ripple at high 
load and loop-transient response. 

Despite the circuit’s complex dynamics, its transient 
response is quite good. Further, its high-power effi- 
ciency is similar to standard switchers; low-power effi- 
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ciency is somewhat better—although poor in the lowest 
ranges. The poor efficiency is not particularly bother- 
some, because power loss is very small. 

The loop provides a controlled, conditional instability 
instead of the usually more desirable (and often elusive) 
unconditional stability. This deliberately introduced in- 
stability dramatically lowers switcher quiescent cur- 
rent without sacrificing high-power performance. 
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Intel To Show 2-Mb, 4-Mb EPROMs 
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take me home. 


Recently, we announced our commit- 
ment to 2- and 4-Mbit EPROMs. And now 
were shipping our 2-Mbit EPROMs in 
volume. With our 4-Mbit EPROMs right 
behind them. 

But, this high-speed ramp should 
hardly come as a surprise. After all, we 
invented the EPROM and have always 
been the volume leader. 

And we've produced this latest gen- 
eration with the same proven 1-micron 


CHMOS'IIIE process as our 1-Mbit EPROMs. 


SO we can deliver 2-Mbit production 
quantities in no time at all. 


*“CHMOS is a patented process of Intel Corp. 
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AS you Can see from the chart, we're 
the EPROM source you've been looking 
for. Only Intel gives you the widest 
range of densities, from 16K to 4-Mbit. 
And that’s just the beginning. We also let 
you choose byte-wide or word-wide 
architectures. PLCC or CERDIP packag- 
ing. And a range of speeds, from 120 ns 
to 200 ns. 

But whichever Intel EPROM you 
choose, the benefits are obvious. Using 
one 2-Mbit instead of eight 256K EPROMs, 
for example, results in reduced board 
Space, increased system reliability and 
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Now, within just 7 working days, AUGAT 
will ship you a backplane or card cage in 
any size you need, from3 through 21 slots. 
This isn’t simply a promise — it's AUGAT's 
GUARANTEE*... 

Or you pay 20% less! 

Our no-nonsense 7-Day VME Program 
includes both J1 and J2 backplanes. Iteven 
includes our new high-performance mono- 
lithic backplanes, too. Only AUGAT has the 
production capability to guarantee 7-day 
shipment on such a broad selection of 
backplanes. Now you can plan on the 
arrival of your VME packaging hardware 
with no fear of delaying your critical devel- 
opment schedule. 

In addition, AUGAT has greatly ex- 
panded its entire VME line to include more 


standard products ... including new VME 
power chassis complete with backplane, 
fully harnessed power supply, cooling, card 
cage and optional enclosure. AUGAT also 
has the engineering talent and experience 
to handle your customized VME packaging 
needs. 

Send for a copy of our new VME catalog 
today ... because when time is of the essence 
in locating quality VME products with full 
engineering support, your surest source iS 
AUGAT! 


* AUGAT GUARANTEES to ship backplanes and/or 
card cage kits in any size (from 3 through 21 
slots) in 7 working days from date of approved 


credit — or you pay 20% less! (limit: 3 pieces per 
part number) 


For answers or orders 


-800-999-9VME 


® 


AUGAT INC., INTERCONNECTION PRODUCTS GROUP 
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+Wire-Wrap is a registered trademark of Gardner-Denver 


PLUS 
An Expanded 
VME 
Product Line 


NEW 
Power Chassis 


More 
Power 
Supplies 


More 
Extender 
Boards 


More 
Wire-Wrap' 
Panels 


More 
Cage Dividers 


More 
Support Data 


not just the way we 
“™, Its the way we 


The Harns Military and Aerospace 
Division 1s dedicated to bringing the military 
the highest in high technology. 

From submicron CMOS to GaAs, from digital 
to analog ASICs. And we bring high 
technology down to earth by making your visions While VHSIC performance is still just a vision 
of the future become reality. Fast. at some companies, the Harris Research Triangle Park facility 
(RTP) has already shipped over 150,000 Class B and 
Class S processed VHSIC-class devices. No wonder Harris is first 
in semiconductors for military and aerospace. 


Harns’ 1.2 micron 
VHSIC-class CMOS process 
1s already found in over 100 designs. 
From SADARM to the SRAM cruise missile. 

From Milstar to the Space Station. And many more. 


Harns products from RTP were right on target for the F-16 Fire 
Control Radar project. And that’s just one of the 30 military The Q stands for quality. 
and aerospace projects in which products from RTP are already at work. Harris RTP facility participated in the 
government's QML alpha site program, helping define 
the way ICs will be qualified in the future. We have 
been selected to be a beta site, and building on this, 
were now qualifying for QML approval status. 


With gate arrays, standard cells and compiled 
designs—in your choice of CMOS/bulk, 
CMOS/SOS and SOI-the range of Harris’ radiation- 
hardened ASIC capabilities is unparalleled. We even 
offer E-beam direct write technology. No wonder Harris 
1s the #1 supplier of ASICs to the U.S. military. 


Take your pick. Harris has a process technology 
designed to give you the pricel/performance your 
design demands. Select our VHSIC-class CMOS process 
for high-speed performance, or a radiation-hardened 
version for upgraded tactical military applications. 


\ Or, for applications requiring 

~ the ultimate in total dose radiation hardness 
and SEU immunity, our CMOS/SOS process 
provides it at maximum performance. 


From submicron CMOS to GaAs, smart power to digital and analog ASICs, Harris 
brings you the highest in high technology. And we bring it down to earth through a complete 


division dedicated to turning the visions of military and aerospace designers into realities. 
*Gensil and GDT are trademarks of Silicon Compiler Systems. DAZIX is a trademark of Datsy/Cadnetix, Inc. Mentor Graphics is a registered trademark of Mentor Graphics Corporation. 


wring you high technology 
wring 1t down to earth. 


Fast. 

Fast. 

Fast. 

Harns gate 

arrays give you 

iM cost-effective 
a = performance 

with fast design cycles. CMOS/SOS and CMOS/bulk arrays are 

available now. 100,000 gates are on the way. And standard 

cells to 25,000 gates, including the RTX 
microcontroller, are also available. 


SS Fe WS Mn SR NH a a 


SRA REN DR Oe TE, LEE Be we 


isn’t the only high 
Our custom DI analog is 
the ultimate in high performance 
Jor analog design, including high-speed 
op amps with slew rates to 1000 \.V/sec. 


a” i 
That dream technology, 
GaAs, is more than a dream at Harnis. 

We're already in production with 0.5 and 1.0 micron 
processes, with 0.25 micron on the way. And 
were a MIMIC program participant. 


It’s the kind of dedication to your unique needs that has made Harris 
the #1 supplier of semiconductors in military and aerospace. Harris 


probably working on tt today. 


Visions of the future 
quickly become reality with Harris’ 
comprehensive design libraries. 
We support all the popular workstations, including 
DAZIX*, Mentor Graphics* and Harris’ own 
FASTRACK™ tntegrated workstation. 


Harns’ support 
of Silicon Compiler System's Gensil* 
and GDT* programs let you create \\ 
the most complex IC designs simply \\ 
and easily. And we're a qualified lab for \\ 
Silicon Compiler Systems. \\ 


Whatever ASIC technology you select, Harris can deliver on time and 
on budget. We're fully approved to design, manufacture and 

test to MIL-STD-883C and Class S. 

With assembly and test 


capabilities for up = 
to 288 pins. SS 
LE 
Harns smart power ts 


~ the perfect synthesis of power and 
intelligence. Combining high voltage and 
high power with dense logic and precision 
analog on a single chip. 


For the extreme 
demands of focal plane 
signal processing, Harris 
is currently developing cryogenic rad-hard 
technologies. You can be sure that whatever 

your vision of the future demands, Harris ts 


For more information 
on the latest in high technology at Harns, 
call 1-800-4-HARRIS, ext. 1003 
(in Canada, 1-800-344-2444, ext. 1003). 


™ HARRIS 


Semiconductor. What your vision of the future demands. Today. 
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Now, One Name Gets You 
Thousands Of Choices 
In Components And 

aterials. 


Philips Components 
Discrete Products Division 


The products of Amperex, Mepco/Centralab, You'll benefit from our leadership across all our 

and Ferroxcube are now available from one product groups. And you'll move ahead 

source — Philips Components. because of our innovations in surface mount 
The names have changed, but the industry technology. 

leadership hasn't. In Passives: aluminum electrolytic, ceramic, 


We still offer superior product qualityand film, variable, and tantalum capacitors. Resistor 
performance. On time delivery. Professional ser- products include: fixed resistors, varistors, 


vice. And competitive prices. thermistors, sensors, and cermet trimmers. And 
But now it's all backed by one of the were the only tantalum capacitor manufacturer 

world's largest electronic components manufac- _ to be certified a Class “A” MRP II user 

turers, NV. Philips. With worldwide resources. In Discrete Semiconductors: vast 
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selections of suppression. 
small signal prod- For all this and more, call 
ucts, power devices, ) or write to the broad range 
and optoelectronic products. “Si <— product source for solutions: Philips 
In Professional Components: | Components Discrete Products Division. 
came s, CCD i Philips Components 
Kiystrons pe ete gana pice Products Division 1-800-447-3 762 


; A North American Philips C Fax: 407-881-3300 
In Materials: a broad range of ferrite cores 91 W. Blue Heron Boulevard. 


for power supply and telecommunications PO. Box 10330 . 
equipment (pots, UE and I cores, and toroids), __‘Rivier# Beach, Fl Ssa08 | . 
us beads, chokes and rods for EMI/RFI More Products. More Solutions. 


PHILIPS 
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NEW GENERATION OF LOGIC 
CAPTURE SOFTWARE 


A New Generation 
of Logic Capture, 
PADS-LOGIC, is 
now available from 
CAD Software, Inc. 
PADS-LOGIC has a 
true multi-sheet, 
design oriented 
database which 
provides a very 
high level of performance for Electronic Engineers. Some of the 
systems features include: Automatic Reference Designations, 
Automatic Gating, powerful Macro Commands, interfaces to 
Logic Simulation, Circuit Analysis, and most CAD systems. Large 
circuit (250 sheets), and 100 layer level Hierarchical capability, 
enables the Logic Capturing of any size design. An Engineering 
Change Order (ECO) feature forwards changes made to the 
schematic to automatically update the PCB design; changes in the 
board layout, including Automatic Gate and Pin Swapping, and 
Component Renaming, are automatically backward incorporated 
to the original schematic. 


A security key is not required. The software cost is $450.00. 


Contact CAD Software, Inc., Littleton, MA 
Inside MA: (508) 486-8929 or Outside MA: (800) 255-7814 


Finally... 


PC-BASED ELECTRONIC 
DESIGN VERIFICATION 


Engineers can verify 
their designs, and 
reduce Hardware 
breadboarding, 
through the use of 
CAD Software, 
Inc.’s, Logic Simu- 
lation and Circuit 
Analysis Programs. 


PADS. SUSIE, is a Digital Simulator with Timing, Functional & 
Glitch Mode verification modes. Simulation passes can be made 
at either this Board Level, or the Hierarchical Level. 


PADS CIRCUIT ANALYSIS, for Analog Circuit Analysis, is based 
upon Microsim Corporation’s highly successful version P-Spice, 
and includes a tightly coupled Analog and Digital Mixed Mode 
Simulator. 


Contact CAD Software, Inc., Littleton, MA 
Inside MA: (508) 486-8929 or Outside MA: (800) 255-7814 


“An Affordable, 
Integrated, 
Single Source 


SEE US AT WESCON BOOTH #1344 
CIRCLE NO. 91 


Software. 


the developers of PADS-PCB 
Suite #6, Littleton 
(800) 255-7814 


119 Russet! Streat, 
inside MA’ (S08) 486-8925 of Outside MA 


PADS-PCB VERSION 3.13 
NOW SHIPPING 


Version 3.13 of 
PADS-PCB, the 
highly popular 
PCB CAD System, 
is now being ship- 
ped. The Personal 
Computer-Based 
PADS—PCB System 
has a Very Large 
Board, (450 Equiva- 
lent per ICs) Capability, with up to 30 layers. All technologies, 
including Digital, Analog, Multilayer and SMT, are supported. 
Both Automatic & Interactive Placement and Routing Algorithms 
are available. Automatic Design Rules Checking is included. 
($975.00) 


Contact CAD Software, Inc., Littleton, MA 
Inside MA: (508) 486-8929 or Outside MA: (800) 255-7814 


PADS-THERMAL 
SOFTWARE 


sei Ae Se, 


A Printed Circuit Board Thermal Analysis 
software package is available from CAD 
Software of Littleton, MA. This software, 
(PADS-THERMAL), is used to evaluate the 
Thermal effects on a board, while operat- 
ing in various packaging environments, 
including closed containers with variable 
airflows, open containers, components on 
top and bottom layer of boards, and other 
constraints. 


A unique feature allows the relocation of 
the Parts on the board, in order that 
different locations of heat generating parts 
can be evaluated. 


Contact CAD Software, Inc., Littleton, 
MA, Inside MA: (508) 486-8929 or 
Outside MA: (800) 255-7814 


POWERFUL SUITE OF 
AUTOROUTINES NOW 
AVAILABLE 


An extremely Powerful suite of autorouters 
that addresses every conceivable Design 
Technology, is now available from CAD 
Software, Inc.. 


The PADS-SUPERROUTER, an intelligent 
Ripup and Reroute Autorouter, is available 
for those Digital Circuit Designers want- 
ing autorouter performance that is equal, 
or better than the currently available 

- autorouters on workstations, yet at a very 
modest price. PADS-SUPERROUTER is a 
costed Lee’s Maze Search Algorithm, that 
operates in Ripup and Reroute Batch 
operations, ripping up blocking tracks and 
rerouting until the board is 100% complete. 
($4,500.00) 


configured for those Engineers and 
Designers that have critical circuits on 
their boards, such as high speed circuits, 
ECL, Bus lines, or Analog Boards, where 
the designer wants precise control over the 
track position, yet wants the power of an 
autorouter to quickly route the connec- 
tions. ($1,495.00) 


CAD SOFTWARE LEASING 
CAD Software, Inc., brings the leasing of 
SOFTWARE ONLY, to its customers. 
Traditionally, leasing firms do not lease 
software only, but require a minimum of 
50%-60% of the lease value to be made up 
of the hardware component. CAD 
Software, Inc.’s, software ONLY leasing 
plan, changes this requirement. 


With CAD Software, Inc.’s Leasing Plan, a 
firm can have a high-performance PADS 
CAE & CAD System for only $400 - $500 
per month, on an Annual Lease Basis. 


Contact CAD Software, Inc., Littleton, 
MA, Inside MA: (508) 486-8929 or 
Outside MA: (800) 255-7814 
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DESIGN IDEAS 


EDITED BY CHARLES H SMALL 


Program plots transformer response 


Hugh M Adams, PE 
Rtronics Inc, Pensacola, FL 


The HP Basic program in Listing 1 plots the leading 
edge of the step response of a high-voltage transformer 
after you input all of its known, or measurable, parame- 
ters. Fig 1 shows a high-voltage transformer’s equiva- 
lent circuit with all elements referred to the secondary 
side. This program helps you quickly evaluate the ef- 
fects that the many different, specialized winding tech- 


L LEAKAGE 


niques employed in high-voltage transformers will have 
on your design. EIDIN 


Cour = Cpist + Croan 


Fig 1—This simple model, embodied in the program in Listing 1, 
incorporates the known and measurable parameters of a high-voltage 
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transformer. 


Listing 1—HP Basic, high-voltage-transformer step-response program 
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DESIGN IDEAS 


PLD expands arbiter chip 


Ted Burton and Charlie Dike 
Signetics, Orem, UT 


If you expand the 74F786 high-speed, 4-input bus 
arbiter using the chip’s built-in, independent, 4-input 
AND gate (Fig la), the resulting solution will be 
seriously flawed. Any activity on bus-request lines 
A through D can block bus requests on lines E 
through G. The circuit in Fig 1b overcomes this 
deficiency. 

You can generalize Fig 1b’s scheme to accommodate 
any number of inputs if your expanded circuit follows 
two rules. First, any two bus-request lines must con- 
nect to at least one arbiter chip. Second, the PLD 
must assert the proper bus-grant line for any possible 
combination of valid inputs from the arbiter chips. 

The PLD must recognize two possible classes of valid 
inputs. Obviously, if a given input to the arbiter chips 
wins all of its arbitration contests taking place in all 
the chips to which it’s applied, the PLD must grant 


arbitrarily when two or more bus-request lines win 
some—but not all—of their respective arbitration con- 
tests (for example, the remaining minterms in the 
BG, equation). | EIDIN 
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bitration-PLD equations 


-CIB2F3 + DIB2ES + D1B2F3 
EOCS + BIF2CS 


DiA2FS + BIE2DS + BIF2DS 


that input’s bus request (the A,A, term in Listing 1 


for BG,’s equation, for example). In addition, you 
must program the PLD to grant only one bus request 


BRA BGA 
BRB BGB 
BRC BGC 
BRD BGD 


BRE 74F786 BGE 
BRF #e BGF 
BRG BGG 


Fig la—Using the 74F789’s built-in AND gate to expand the num- 
ber of bus-request lines beyond four isn’t a perfect solution. 
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Fig 1b—By skillfully grouping the bus-request lines at a parallel 
array of bus-arbitration chips and using a PLD to perform a secon- 
dary arbitration, you can retain the 74F'789's excellent metastability 
characteristics and still serve all inputs in order of arrival. 
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$330 


The opportunity for automated, low-cost assembly is a key 
benefit of surface-mount technology, but is often wiped out by . 

the high price of surface-mount components. Now, Mini-Circuits offers 2 a new series of 
mixers to meet the pricing demands of SMT... only $3.30 in 1,000 quantity ($3.95 ea. in 
quantity of 10)...at a cost even lower than most conventionally-packaged mixers. 


The SCM-1 spans 1 to 500MHz and the SCM-2 covers 10 to 1,000MHz. Housed in a 
rugged, non-hermetic 0.4 by 0.8 by 0.3 in. high (maximum dimensions) plastic/ceramic 
package. Spacing between connections is 0.2 in. The mixer is offered with leads 
(SCM-L) or without leads (SCM-NL) to meet a wide range of pc board mounting 
configurations. 


Each SCM is built to meet severe environmental stresses including mechanical shock/ 
vibration as wel as temperature shock. The operating and temperature storage range is 
-55°C to +100°C. Each SCM, designed and built to meet today’s demanding reliability 
requirements, carries Mini-Circuits’ exclusive 0.1% AQL guarantee of no rejects on every 
order shipped (up to 1,000 pieces). 


When you think SMT for low-cost production, 
think of Mini-Circuits’ low-cost SCM mixers. 
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SCM-1L 

SPECIFICATIONS SCM-1NL 

(typical) (L=with leads) 
FREQ. RANGE (MHz) 

LO,RF 1-500 

IF DC-500 
CONVERSION LOSS (dB) 

Midband 6.3 dB 

Total Range 7.5 dB 
ISOLATION (dB) (L-R)(L-1) 

Low-Band 60 45 

Mid-Band 45 40 

High-Band 40 35 
PRICE $3.30 (1000 qty) 

$4.25 (1-9) 


Units are shipped in anti-static plastic 
“tubes” or “sticks” for automatic insertion. 


*NOTE: L & NL suffix for ordering only 
Not marked on units 


A Division of Scientific Components Eorsotaicn 


P.O. Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 
Fax (718) 332-4661 Domestic and International Telexes: 6852844 or 620156 


SCM-2L 
SCM-2NL 
(NL=no leads) 


10-1000 
5-500 


6.5 dB 
8.0 dB 


(L-R)(L-I) 
45 35 
35 30 
25 “20 


$4.15 (1000 qty) 


$5.45 (1-9) 
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DESIGN IDEAS 


Routines give Quick Basic huge arrays 


Steven BLeeland © | them. You refer to elements as if they were normal 
Fairchild Data Corp, Scottsdale, AZ subscripted variables. The main program is a simple 


test that verifies the unique existence of every array 


The Quick Basic subroutine and function in Listing 1 element. 
lets your programs read and write to a large array. 


Normally, Quick Basic’s dynamic arrays can be no To Vote For This Design, Circle No. 748 


larger than 16k, 4-byte elements. The subroutine 
WriteLarge writes array elements; LargeArray reads 


Listing 1—Quick Basic large-array routines 


DECLARE SUB WriteLarge (address, value) 
DECLARE FUNCTION LargeArray (address) 


MaxLength = 16383 “Maximal Length Dynamic Arrays 
DIM LargeArray1(MaxLength) (Outside DGroup) 

DIM LargeArrayZ(MaxLength) 

DIM LargeArray3(MaxLength ) 

DIM LargeArray4(MaxLength ) 


FOR address = @ TO 65535 “Large Array Convergence Test 
WriteLarge address, address “Fill Array with Addresses 
LOCATE 8, 20 
PRINT “Filling array element: "; address; 
NEXT 
FOR address = 0 TO 65535 “Test Results 
IF address = LargeArray(address) THEN 
LOCATE 16, 20 
PRINT “Testing array element: "; address; 
B LSE . 
LOCATE 23, 260 
PRINT "Error at "“; address; " = "; LargeArray(address); 
BNI? IF 
NEAT 
HND 


BUNCTION LargeArray (address) 


SHARED LargeArrayl(), LargeArray%()., LargeArray3(), LargeArray4( ) 


IF address < 163684 THEN 

LargeArray = LargeArrayl(address) 
ELSEIF address < 32768 THEN 

LargeArray = LargeArrayZ(address - 16384) 
ELSEIF address < 4915% ‘THEN 

LargeArray = LargeArray3(address - 32768) 
ELSE 

LargeArray = LargeArray4(address - 49152) 
END IF 

ENID FUNCTION 


DUB WriteLarge (address, value) 


SHARED LargeArrayl(), LargeArray2(), LargeArray3(). LargeArrav4( ) 


IF address < 16384 THEN 
LargeArrayl(address) = value 
HLSHiF address < 32768 THEN 
LargeArray2(address - 16384) = value 
ELSEIF address < 491524 THEN 
LargeArray3(address - 32768) = value 
ELSE 


iI 
< 
My 
bY 
G 
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LargeArray4(address - 49152) 
END IF 
END) SUB 
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RS232 Transceiver with Automatic Power Shutdown Conirol 


Sean Gold 


The LT1180/81 RS232 transceivers with on-chip charge 
pumps offer some unique features that greatly enhance 
serial interface performance. Like the LT1080 and LT1130 
series transceivers, the LT1180 is fully compliant with all 
RS232 specifications. The LT1180 is unique since it utilizes a 
charge pump which oscillates at 150kHz to 200kHz — about 
twice the frequency of the standard transceivers. In addition 
to providing excellent current delivery capability, the high 
speed charge pump can operate with storage capacitors as 
small as 0.1yF. 


Reducing storage capacitor size to 0.1yF shrinks board 
space, thereby lowering production costs. Small capacitors 
also shorten the transceiver turn-on time to less than 200us, 
which makes the LT1180 ideal for applications which must 


address the RS232 transceiver quickly. The interface de- 


5V 
Wien) (Ge 


TRI IN 2N3904 


R C 


(NOTE 1) 


REC1 OUT 


1/4 74000 


scribed here takes advantage of fast turn-on to reduce power 
dissipation. 


The circuit shown in Figure 1 automatically shuts down when 
there is no data flow through the interface. A data stream on 
either the RS232 or logic inputs activates the transceiver. The 
data must begin with a logic 1 preamble, and the data stream 
must contain a sufficient number of 1’s to keep the trans- 
ceiver active. The preamble may be as short as 5Qys. Al- 
ternatively, the input to the Automatic SHUTDOWN circuit 
could be an RS232 handshake signal, such as Data Set 
Ready (DSR) or Clear to Send (CTS), which remain high during 
the data transfer. The LT1180’s 200us turn-on delay does not 
limit the data rate in the transceiver. Once the LT1180 is ac- 
tive, it can process data at the maximum 100k baud data rate. 


ov 


1N4148 3 10kQ 


1N4148 


1/4 74C00 


ni. 
1N753 
NC 
5V 
ee 
+ + 
0.1pF 0.1pF 
ay TR1 OUT 
0.1pF REC1IN 
TR2 OUT TR2IN 
0.1pF 
| + — REC2IN REC2 OUT 


NOTE 1: SELECT RC BASED ON CLOCK SPEED AND REQUIRED DROP OUT TIME. 
T =RC=2¢Tprop out. FOR THIS EXAMPLE, R= 100KQ AND C= 1pF. 
C SHOULD NOT EXCEED 14F UNLESS THE 2N3904 CURRENT LIMITED 


WITH A COLLECTOR RESISTOR. 


Figure 1. Fast Turn-On Transceiver with Automatic SHUTDOWN Control 


A peak detector senses data flow. The extra CMOS gates are 
buffers which ensure the time constant is relatively indepen- 
dent of input signal level. The drop out time, i.e. the duration 
of inactivity prior to SHUTDOWN, is approximately 0.5RC. 
More specifically, drop out occurs when the voltage on the 
peak detector decays from Vcc-0.7V to the logic switch 
point of Voc/2. The RS232 input to the control circuit is 
clamped to protect the logic inputs. The zener diode, D3, 
forces the turn-on threshold on the RS$232 side to -3.5V, 
which prevents the transceiver from turning on when the ca- 
ble is grounded. 


DRIVER INPUT 


CONTROL |—_—_— 


Vr 


Figure 2. Transceiver Turn-On Via 
Logic Input 


DATA PULSE § 
5v/DIV 


PEAK DETECTOR | 
OV/DIV 


SHUTDOWN | 
CONTROL 


Figures 2 through 4 demonstrate the automatic SHUTDOWN 
control’s response to logic and RS232 signals, as well as Zero 
data flow. The minimum pulse width is 50us and the drop out 
time is set to 50ms. The power supply outputs — the lower 
two traces in Figures 2 and 3 — become active in less than 
200us. When active, the circuit consumes 16mA of quiescient 
current. In SHUTDOWN state, the Q-current drops to 50,A. 


Rx INPUT OV 


CONTROL @ 


V+ 


ALL TRACES 5V/DIV 


Figure 3. Transceiver Turn-On Via 
Receiver Input 


Figure 4. SHUTDOWN After 50ms 
Without Data Transmission 


For literature on our interface products, call 
(800) 637-5545. For help with an application, call 


(408) 432-1900, Ext. 445. 


Linear Technology Corporation 
1630 McCarthy Blvd., Milpitas, CA 95035-7487 © (408) 432-1900 
FAX: (408) 434-0507 © TELEX: 499-3977 
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EMI SHIELDING AT A FAST CLIP 


Meeting FCC/VDE require- 
ments is quick and simple with 
Chomerics’ low-cost clip-on 
EMI gaskets. Each combines 
Chomerics quality and technol- 
ogy with labor-saving attach- 
ment mechanisms. All are 
available off-the-shelf. 


Five configurations feature our 
new CHO-SEAL® 1000 series con- 
ductive elastomers, priced at a 
fraction of their military counter- 
parts. They deliver up to 60dB of 
shielding from 30MHz to 1GHz, 
even when deflected only 25% 
under low closure force. 


Our METALKLIP™ gaskets offer 
a choice of wire mesh-over- 
elastomer, or hollow carbon- 
filled silicone. 


CLIP THIS FOR FREE CLIP SAMPLES. 


Clip this to your letterhead. We’ll send you 
f samples for evaluation. We make choosing 
| EMI shielding a snap. 


| FREE: SELECT UP TO THREE 


| CHO-SEAL® 1000 () Aluminum Frame 
Gaskets Mount 


| 

| 

L] Plastic Clip, Black METALKLIP™ 
| L] Plastic Clip, White Gaskets | 
| 

| 


CHO-SEAL® 1000 
GASKETS 


1&2. Plastic Clip. Streamlined, 
rigid PVC clip is UL94V-0 rated. 
Tan or blue elastomer with choice 
of white or black clip and two 
grip ranges. Closure force as low 
as 1 lb/in. 


3. Stainless Steel Clip. Series 
302/304 SS clip has sharp tines 
which bite through paint or oxide 
for electrical contact. Closure 
force as low as 1 lb/in. Avail- 
able mitered. 


4. Stick-On Shield & Seal. Co- 
extruded conductive/noncon- 
ductive elastomers provide best 
environmental seal. Permanently 
mounts with pressure-sensitive 
adhesive. Closure force as low 

as 3 |b/in. 


5. Aluminum Frame Mount. 
Positive mechanical mount with 
screws or pop rivets. Built-in 
compression stop. Metal-to-metal 
contact. Ultra low closure force— 
0.8 lb/in. Available pre-drilled, 
mitered, and painted. 


L] Steel Clip C Mesh-O 
J stick on a Mesh-Over METALKLIP™ GASKETS 
| “een sere tami 6. Mesh-Over-Elastomer. 

Silicone . 7 % . 
I Name Choice of monel or Ferrex® 
Dees oaen wire mesh over sponge or hollow 
10 

| | elastomer core. Up to 90dB 
pee | shielding from 10MHz to 1GHz. 
Beoue ( Sharp tines in SS clip bite through 
| Address | paint or oxide. 
[ city | 7. Carbon-Filled Silicone. 
I state Zip | UL94V-0 rated hollow gasket 
Ler: ( ) | in the same series 302/304 SS 
| | clip. Lowest cost, for lower 

Chomerics, Inc. ; : j j 

77 Dragon Court * Woburn, MA 01888- 4014 i ae ao ueaa with 

ee : ow closure force. ' S¢ 
a GRACE company 
Chomerics, Inc. Chomerics (UK) Ltd. Chomerics GmbH Chomerics S.A. 
77 Dragon Court Unit 8, First Avenue Postfach 320208 Rue Jacques Brel 


Zone Industrielle Les Bellevues 
95610 Eragny-sur-Oise 


Woburn, MA 01888-4014 — Globe Park Industrial Estate Moltkestrasse 32 
TEL: 800-225-1936 Marlow, Bucks., SL7 1YA 4000 Dusseldorf 30, 
(In MA: 617-935-4850) ENGLAND WEST GERMANY FRANCE 
TWX: 710-393-0173 Tel: (06284) 6030 Tel: 0211/488001 Tel: (1) 30.37.63.30 

Telex: 849817 CHOMER G Telex: 8589743 CHOM D __ Telex: 608255F CHOMESA 


© Chomerics, Inc. 1988 
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DESIGN IDEAS 


Resistor isolates grounds 


John Dunn 
Bertan Associates, Hicksville, NY 


System-design mavens insist that you should keep your 
analog and digital grounds completely separate except 
for one common point. However, if you’re trying to lay 
out an IEEE-488 device, standard device-interconnec- 
tion cables can foil your best intentions when their 
metal shells connect digital ground to your device’s 
chassis; in effect, you’ll have a ground loop as soon as 
you plug a cable into your device (Fig 1). 

In this case, your best bet is to use a resistor to 
connect the two grounds within your device. That way, 
any appreciable digital-ground currents will flow 
through the external path in the cable shell. It isn’t a 
good idea to eliminate the 10 resistor and use the 
cable shell as the only ground path. Such a configura- 
tion causes a problem if you ever have to operate your 
device without the cable plugged in. EDN 


To Vote For This Design, Circle No. 749 


CIRCUITS 


DIGITAL ANALOG GROUND 
GROUND 


(ISOLATED) 


SHELL TO 


ee eT CHASSIS 


DIGITAL GROUND TO SHELL 
VIA GPIB CABLE 
IEEE — 488 CONNECTOR 


CHASSIS 
GROUND 


Fig I—Connecting analog and digital grounds with a 10 resistor 
kills a possible ground loop in IEEE-488 systems whose cables have 
metal connector shells that connect digital ground to your chassis. 


Op amp increases output impedance 


Jimmy D Slife 
XEL Communications Inc, Aurora, CO 


Conventional op-amp circuits provide very low output 
impedances, but occasionally you may need a higher 
output impedance. One easy way to get your desired 
output impedance is simply putting that value resistor 
in series with the output of the op amp. Unfortunately, 
this scheme limits the op amp’s output range. 

For example, putting a 6000 resistor in series with 
an op amp’s output to achieve a 6000 impedance would 
mean that for a 1V rms output, the op amp could 
deliver only about 420 wW to the load. The circuit in 
Fig 1, on the other hand, can use a much smaller 
output resistor and still have the 6000 output imped- 
ance. For example, it would supply approximately 1.24 
mW at the 1V output level using a 900 output resistor. 
This design is valid only for ~6000 and ~90Q. 
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Fig I—This op-amp circuit presents a high-impedance output with- 
out dissipating excessive power in its series-output resistor. 
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DESIGN IDEAS 


The circuit’s design equations are 


Design Entry Blank 


$100 Cash Award for all entries selected by editors. An 
additional $100 Cash Award for the winning design of 
each issue, determined by vote of readers. Additional 
$1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor, EDN Magazine 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit by Design Ideas entry. | Ro 
Name : (2) > and 
Title Phone Ro 
Company Vo RgRo(Re+Re) 
i he 
Division (if any) O F'‘G 
Street The circuit can be inverting or noninverting. If you 
City State Zip use the inverting configuration, combine Ryy> and Ree 
into a single resistor. Also, you can usually combine 
Design Title Ry, and Rg; into a single resistor. 


Home Address 


To Vote For This Design, Circle No. 750 


Social Security Number 
(Must accompany all Design Ideas submitted by US 
authors) 


Entry blank must accompany all entries. Design entered 


must be submitted exclusively to EDN, must not be 
patented, and must have no patent pending. Design must 
be original with author(s), must not have been previously 
published (limited-distribution house organs excepted), and 
must have been constructed and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or editor 
gives written permission for publication elsewhere. 

In submitting my entry, | agree to abide by the rules of 
the Design Ideas Program. 


Signed 


Date 


ISSUE WINNER 


_ The winning Design Idea for the October 26, 1989, issue 
is entitled “C program rotates vectors,’ submitted by _ 
Branko Zebec of PEL Electronics (Varazdin, Yugoslavia). 


Your vote determines this issue’s winner. All designs 
published win $100 cash. All issue winners receive an ad- 


ditional $100 and become eligible for the annual $1500 
Grand Prize. Vote now, by circling the appropriate number 
on the reader inquiry card. 
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DATELs video speed sampling A/D converters 
give superior dynamic performance, to bring 


_ both harmonic distortion and 
signal-to-noise ratios to new lows. 


For complete information call (508) 339-3000 


| Power 


osir| se | ses | 0 | mmm [op TOF 


» DVANEL 


INNOVATION AND EXCELLENCE IN PRECISION DATA ACQUISITION 
DATEL, Inc., 11 Cabot Boulevard, Mansfield, MA 02048 (508) 339-3000 


CIRCLE NO. 16 
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NEW PRODUCTS 


COMPUTERS & PERIPHERALS 


Handheld Scanners For 
Macintosh Computers 


®@ 400-dpi resolution on black-and- 
white documents 
@ 3-color single-pass scanning for 
4000 colors on color model 

The Model 400A and Model 270A 
are handheld scanners for Macin- 
tosh computers. The Model 400A 
provides 400-dpi resolution when 
scanning black-and-white  docu- 
ments. This model uses variable 
scanning methods, which create 
bayer, mesh, or spiral dithering 
patterns for monochrome line art. 
The unit has a scanning speed of 
3.1 in./sec and a scan width of 4.1 
in. A window on the scanner per- 
mits visual scan alignment. The 
Model 270A provides 3-color single- 
pass scanning for documents with 
as many as 4000 colors. The unit 
provides a resolution of 4 bits/color 
for each color. Its scanning speed 


Expansion Station For 
Laptop Computers 


@ Three to five IBM PC, PC/XT, 
and PC/AT expansion slots 
@ Multiple bays house 3’- and 
54-in. storage devices 
The LapStation expansion unit pro- 
vides laptop computers with the 
features of a desktop computer. The 
unit provides from three to five 8-or 
16-bit IBM PC, PC/XT, or PC/AT 
expansion slots and multiple bays 
that can house 3%- and 5’/-in. stor- 
age devices such as_ hard-disk 
drives, streaming-tape drives, and 
floppy-disk drives. The unit comes 
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is 1 in./sec, and it can scan color 
images that are 2.53 in. wide in a 
single pass. Both models have a 
switch to start scanning and vari- 
able intensity controls. They come 
with an external SCSI unit and con- 
nectors for interfacing with the 


with a Personality Adapter Kit that 
adapts the unit for operation with 
laptops from Sharp, Toshiba, Da- 
tavue, NEC, Epson, Hitachi, Com- 
paq, Sanyo, Zenith, and Mitsubishi. 
The LapStation comes in two mod- 
els and has a 3-ft interface cable 
that permits the unit to be placed 
behind a desk. $795. 

Axionix Corp, 2257 S 1100 East, 
Suite 2C, Salt Lake City, UT 84106. 
Phone (800) 866-9797; in UT, (801) 
866-9797. FAX 801-485-6204. 

Circle No. 376 


Arenet Adapter Board 
For DEC Computers 


@ 2k-byte RAM provides 
four 512k-byte packet buffers 
@ Acts as slave on 16-, 18-, and 
22-bit versions of Q Bus 
The Q-ARC-01X Arcnet adapter 
board for MicroVAX, VAX II, 
PDP-11, and LSI-11 computers 
functions as an intelligent slave for 


Mac. Model 400A, $500; Model 
270A, $800. 

Accel Computer Corp, Von Kar- 
man Commerce Center, Suite 110, 
17145 Von Karman Ave, Irvine, CA 
92714. Phone (714) 757-1212. FAX 
714-757-1288. Circle No. 375 


16-, 18-, and 22-bit versions of the 
Q Bus. The board uses a Standard 
Microsystems 9026 LAN controller 
IC and 2k bytes of RAM, which pro- 


vide four 512-byte packet buffers. 


The packet buffers can send and re- 
ceive in any combination. The 
buffer base address can be located 
on any 2048-byte boundary within 
the Q Bus address range, including 
the I/O space. The control and 
status-word base can be located on 
any 4M-byte boundary within the 
I/O page-address space. Drivers are 
available for the RSX-11M/M+ and 
VMS _ operating systems. A 
NetBIOS, endorsed by the Arcnet 
Trade Association, is also available 


187 


COMPUTERS & PERIPHERALS 
———————— eee 
Oona eee —— OO 


and permits the interconnection of 
VAX and ISA bus computers that 
use high-level software. The board 
also operates with Fast File Trans- 
fer software. $1995. 

C&C Technology Inc, Bldg 9, 
Unit 60, 245 W Roosevelt Rd, West 
Chicago, IL 60185. Phone (312) 231- 
0015. Circle No. 377 
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Board For IBM PC, PC/XT, 
and PC/AT computers 


® Has 4-user interface 

using a single expansion slot 
®@ Dedicated CPU and as much 

as 4M bytes of RAM/user 
The K-Slave/4 is a modular multi- 
user plug-in system for IBM PC, 
PC/XT, PC/AT, and compatible 


A broad line of interface transformers for use 


in T-1/CEPT line interfaces. 


Each transformer is designed to MATCH a specific 
transceiver chip. Our transformers allow your 
equipment to MATCH standards such as 

CCITT G.703, FCC and others. Just as important, 
they MATCH what you need. 


Tested by major chip manufacturers 

1500 V isolation voltage 

Optimized for balance and pulse waveform 
Passed surge voltage tests 

Low profile encapsulated packages 

Space saving dual packages include both 
transmit and receive functions 


Pulse’s transformers make a perfect MATCH. 


For the entire list of transformers 
with corresponding transceiver 
chips and an application note on 
how to incorporate them in your 
T-1/CEPT circuit designs, please 
contact: 
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Pulse. 


Pulse Engineering, Inc. 


P.O. Box 12235, San Diego, CA 92112 
(619) 268-2400, FAX: 619-268-2515 


CIRCLE NO. 17 


computers. A_ single-slot plug-in 
board accepts daughter modules to 
provide 4-user access to the com- 
puter’s resources. The modules pro- 
vide each user with a dedicated 8- 
MHz NEC V20 CPU and either 
012k, 768k, or 1M byte of RAM. 
Of the 1M-byte memory, you can 
use 704k bytes for application soft- 
ware. In addition, the board pro- 
vides features that push network 
overhead over the 704k-byte bound- 
ary. These features enable the im- 
plementation of memory-hungry 
software applications that typically 
require an extended or expanded 
memory board. You can also con- 
nect a display terminal through an 
RS-282C port. Base board with one 
daughter module, $400; additional 
daughter modules, $300 each. 
Kimtron Corp, 1709 Junction Ct, 
Bldg 380, San Jose, CA 95112. 
Phone (408) 436-6550. FAX 408- 
436-1380. TLX 6975590. 
Circle No. 378 


X Window Terminal With 
MC68010 pP 


@ Applications for Unix, VMS, 
and Xenix | 
® Has an X server in EPROM 
based on the MIT X standard 
The QXT 10 X Windows terminal 
provides simultaneous access to 
networked computers that can be 
running X Windows applications us- 
ing Unix, VMS, Xenix, and other 
operating systems. The terminal 
employs an MC68010 wP, and it has 
an X server in EPROM that’s based 
on the MIT X, V11, release 3 stan- 
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“Tm not a writer 

who writes about 
engineering; [man 
engineer who writes.’ 


Anne Swager, EDN Magazine Edition Associate Editor 


Anne's been reading EDN since she became an electrical 
engineer. And as an engineer, she has always counted on EDN 
to keep her up to date on new products and technology in the 
electronic markets. “As an engineer, I found myself always - 
focusing on one project. I read EDN to find out what was 
going on in other areas of electronic engineering. 
Becoming a technical editor gave me greater 
exposure to the entire spectrum of electronics.” 


Not too long ago, Anne saw an ad like this 
one and answered it. “When I saw EDN’s ad, 
I sent in my resume. I never even consid- 

ered working for another publication.” 


Anne doesn’t see working at EDN as a 
career change. “As an engineer, I liked 
problem solving, hands-on work, and 
circuit design. As an EDN editor, I 
still keep in touch with all three 
engineering activities. . . I just 
approach them from different 
angles. This position lets me 
investigate trends and new tech- 
nologies and then write about 
them. So, I’m not limiting my 
capabilities as an engineer; I’m 
expanding them. Before you can 
explain a concept to someone else, 
you must understand it yourself.” 


You too can be an engineer who 
writes for EDN. All you need are 

a BS in electrical engineering, at 
least two years of design experi- 
ence and the ability to write clearly. 
Salaries are competitive with those 
paid to engineers. 


If you're interested in a career 
with the world’s most prestigious 
electronics publication, send your 
resume to Kathy Leonard, EDN 
Magazine Edition, 275 Washington 
Street, Newton, MA 02158-1630. 


Or reach EDN by phone at 
617/558-4405. 
an ala 
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dard. The QXT 10 comes with a flat- 
screen monitor and an enhanced 
PC/AT keyboard. The terminal’s 
low-profile box, which contains the 
logic board and interconnects, fits 
directly under the monitor. Its logic 
board has an Ethernet interface, 
_ which supports TCP/IP (Transmis- 
sion Control Protocol/Internet Pro- 


tocol) and Telnet data-transfer net- 
work protocols. In addition, it pro- 
vides VT 220 terminal emulation 
through an RS-232C interface. The 
terminal also has additional ports 
that interface with a local printer 
and an optional 3-button mouse. 
1M-byte version with network in- 
terfaces, software, monitor, key- 


EGsG VACTEC 


OPTOELECTRONICS 


With EG&G Vactec 
LDR’s there has never 
been a lead interconnect 
failure reported. The 
reason: superbly 
designed IBM lead 
pinners. 


| " 
4 
4 


Automatic testers 100% 
test and characterize 
each unit (twice) to 
provide the precise 
performance you 


specify. WV 


LIGHT DEPENDENT RESISTORS 


(Photoconductive Cells) 


World-class high-speed automation provides Superb quality at very competitive 
prices. (You might say the cost is peanuts.) Over 1-billion already shipped to EG&G 
Vactec customers worldwide—a testimonial to their dependability. 


APPLICATIONS: 


—Use like any variable resistor—LDR resistance is inversely proportional to 


illumination. 


—ON-OFF controls for day/night operation—general lighting, street lighting, controls, 


Signs, Safety equipment. 


—Automatic adjustment of brightness of displays in automotive accessories, 
instruments, clocks, appliances, and TV sets. 


Call or write for more information: 
EG&G Vactec, Inc. ¢ 10900 Page Blvd. ¢ St. Louis, MO 63132 
(314) 423-4900 © TWX 910-764-0811 © FAX 314-423-3956 
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board, and mouse, $1495. ; 
Qume Corp, 500 Yosemite Dr, 
Milpitas, CA 95035. Phone (408) 
942-4000. FAX 408-942-4052. 
Circle No. 379 


Vector-Processor Board 
For ISA Bus 


® Parallel addition and 
multiplication operations 
@ Delwers 12.5 MIPS and performs 
32-bit floating-point math 

The VCE1 vector-processor board 
for the ISA bus uses an AT&T 
DSP32C DSP chip, which executes 
parallel multiplication and addition 
at 12.5 MIPS. The card performs 
32-bit floating-point math, accord- 
ing to the IEEE format, as fast as 
25M flops. Other features include 
256k bytes of zero-wait-state RAM 
for program and data; daughter 
cards for as much as 16M bytes of 
memory expansion; DMA transfer 
rates between the host and the card 
at 2M to 4M bytes/sec; a 20M-byte 
data tranfer to an external inter- 
face; and an option for an analog I/O 
port. Benchmark results include a 
1024-point complex FFT calculation 
in 3 msec and an FIR filter im- 
plementation with as many as 12M 
taps/sec. Fortran and C subroutine 
libraries are also available. 20M- 
flops version with 256k bytes of 
RAM, $1675; 25M-flops version 
with 256k bytes of RAM, $1995; C 
or Fortran libraries, $485; software 
development kit, $1500. 

Canetics Inc, Box 70549, Pasa- 
dena, CA 91107. Phone (818) 584- 
0438. FAX 818-584-0439. 

Circle No. 380 
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How many more reasons 


do you need to add IKC 


shock-safe protect 


No one can completely eliminate every a 
possibility of electrical shock. But you can _ 
eliminate the possibility of electrical 
shock as defined in IEC Standards 65 and  -. 
257, when you ask for Littelfuse 
Shock-safe Fuseholders. 

They meet the widest range of inter- 
national standards to help bring your 
designs to market across the country 
and around the world. 

With a choice of styles that meet your 
assembly needs and reduce fuseholder 
body inventories. 

Just select the terminal style you want— 
including 4” Q.C. Then add your choice of 
color-coded, interchangeable fingergrip or 
screwdriver slot knob to match the 
standard 3AG, European 5 x 20 mm or 
miniature 2AG fuse you've selected. 

To put your hands on some free 
samples, call your Littelfuse representa- 
tive today. And remember, it’s better to 

be shock-safe than sorry. 


Littelfuse Inc. 


800 E. Northwest Highway 
Des Plaines, IL 60016 

FAX (708) 824-3024 

(708) 824-0400 
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Call for your free copy of the Littelfuse Shock-safe 
Fuseholder Product Bulletin #1031. © Littelfuse Inc. 


... With the ultra-extensive MICE 


(Micro In-Circuit Emulator) line 
from Microtek, supporting practi- 
cally all the popular 8,16, and 32 
bit microprocessors. A range of 
emulators so powerful and com- 
plete that none of your develop- 
ment needs are overlooked. 


When you need speed , MICE 
are fast! Swiftly debug high-speed 
targets without accumulating wait 
state and with no distortion 
whatsoever. 


“Registered Trademarks: PC/XT/AT, PS/2: International Business Machines. VAX, pV 


Full software support is readily 
available for the MICE series, 
which can be used in conjunction 


with such popular hosts as the 


*IBM-PC, *NEC-PC, *Sun 
Workstation, *VAX, *MicroVAX 
and *Apollo. 


Add all these factors to the 
streamlined design and affordabili- 
ty of the MICE and you get a 
valuable investment for all your 
microprocessor projects. 
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C,PL/M,ASM 


XRAY 

XDB 

C-SPY 
SOFTVIEW 


MICROTEK 


Microtek Lab, Inc. 


680 Knox Street 
Torrance, CA 90502 
U.S.A. 

Tel: (213)321-2121 
Telex: 797880 MICRO 
Fax: (213)538-1193 


AX: Digital Equipment Corporation; Apollo : Apollo Computer Inc.; Sun: Sun Microsystems, Inc,: NEC: NEC Corporation. 


NEW PRODUCTS 


ISDN Echo Canceller 


@ Includes layer-2 functions 
© Optimized for PABX extension 
lines 

According to the company, the 
PCB2391 is the first single-chip 
ISDN (Integrated Services Digital 
Network) echo canceller to ineorpo- 
rate on-chip layer-2 functions. Opti- 
mized for PABX extension lines, 
the circuit also supports remote 
multiplexers and can operate in 
public exchange lines that serve 
nearby subscribers. The canceller is 
line-polarity independent and needs 
no active external components for 
sending on the line. Like most 
ISDN echo cancellers, the IC pro- 
vides full-duplex transmission of 
2B + D channels via normal twisted- 
pair wires. A 1B+D mode allows 
for time-slot saving on the exchange 
side. The PCB2391 provides a 
2.048M-bps highway _ interface, 


TI 


Switching Regulator 


e Has 3.5A output capability 
@ Operates over a 15-to-50V input 
range 

Featuring a high-efficiency DMOS 
power stage, the L4974 switching 
regulator has a 3.5A output capabil- 
ity. Housed in a 20-pin DIP that 
needs no heat sink, the device can 
deliver as much as 120W to the 
load. Heat is dissipated via a few 
square centimeters of printed-cir- 
cuit copper. The regulated output 
voltage from the L4974 stepdown 
de/de converter is variable from 5.1 
to 40V; the input range is 15 to 50V. 
Included in the switching regula- 
tor’s circuitry are a 2% reference, 


current limiting, thermal protec-_ 


tion, soft start, voltage feed-for- 
ward control, and reset and power- 
fail functions. $2.90 (5000). 
SGS-Thomson Microelectron- 
ics, 1000 E Bell Rd, Phoenix, AZ 
85022. Phone (602) 867-6100. FAX 
602-867-6290. Circle No. 370 
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ISDN 
telephone 
set “ 


PCB2391 


which is compatible with standard 
codecs, using both long- and short- 
frame sync timing modes. On the 
line side, the IC uses a Manchester 
biphase code at a line rate of 152k 
bps. In a 44-pin PLCC (plastic 
leaded-chip carrier), $48 (1000). 


Preregulator IC That 
Controls Power Factor 


@ Offers power factors to 0.99 
e Accepts line voltages of 75 to 
O75V 

Offering a power factor as high as 
0.99, the UC3854 family of pre- 
regulator ICs uses average-current 
eontrol to accomplish fixed-fre- 
quency current control with stabil- 
ity and low distortion. Unlike peak- 
current control, average-current 
eontrol accurately maintains sinu- 
soidal line current without slope 
compensation. The UC3854’s high 
reference voltage and high oscilla- 
tor amplitude minimize noise sensi- 
tivity, and fast pulse-width-modula- 
tion elements permit chopping fre- 
quencies above 200 kHz. The 
UC3854 operates from line voltages 
of 75 to 275V and from line frequen- 
cies of 50 to 400 Hz. Other features 
include fast feed-forward line regu- 
lation, a low-offset analog multi- 


plier/divider, and a 0.5A totem-pole . 


°B+D transmission 
+ HDLC functions 


PCB2391 


Philips Components, Box 218, 
5600 MD Eindhoven, The Nether- 
lands. Phone (040) 724324. TLX 
51573. Circle No. 368 

Signetics Corp, 811 E Arques 
Ave, Sunnyvale, CA 94088. Phone 
(408) 991-4535. Circle No. 369 


driver. In 16-pin plastic and ceramic 
DIPs, from $5.90 (100). 

Unitrode Integrated Circuits 
Corp, 7 Continental Blvd, Merri- 
mack, NH 03054. Phone (603) 424- 
2410. Circle No. 371 


34-Channel Driver 


e Features push-pull output 

e Has 250V rating 

Manufactured using the company’s 
HVCMOS II process, the HV70 
combines high-speed, low-power 
CMOS logic with 34 250V push-pull 
CMOS outputs on a single mono- 
lithic chip. The driver is a pin-com- 
patible replacement for the Silico- 
nix $19560 and can also replace TI’s 
SN75563 and SN75564 pair. The 
cascadable serial-to-parallel con- — 
verter accepts 12V CMOS serial 
data and outputs it at 250V and 70 
mA max at data rates in excess of 
4 MHz. A direction pin allows data 


to flow either clockwise or counter- 
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clockwise, which makes the HV70 
particularly useful in display appli- 
cations. Standby current is less 
than 50 nA. In plastic or ceramic 
J-lead packages, from $8.80 (1000). 
Supertex Inc, 1225 Bordeaux Dr, 
Sunnyvale, CA 94088. Phone (408) 

744-0100. FAX 408-734-5247, 
Circle No. 372 
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Feed this to your PC 


Space-Saving 

Memory Modules 

© Feature 4M-bit dynamic RAMs 
© Have single in-line construction 
Using 4M-bit dynamic RAMs 
mounted on a small pc board, these 
single in-line memory modules 


(SIMMs) save space and reduce as- 
sembly costs. The SIMMs allow the 


EXCELLENCE 


and it'll think it’s an 
HPBASIC workstation. 


environment. 


Discover the new 
solution for cost-effective 
technical workstations. 
HTBasic from TransEra. 


Finally, there’s a way for serious technical 


computer users to get the power and features of 


HP BASIC on a PC. The answer is HTBasic, a 
real engineering BASIC that turns your PC 
into an HP 9000 series 200/300 BASIC 
workstation—at a fraction of the 
cost. 

Like HP’s Rocky 
Mountain BASIC, HTBasic 
from TransEra is a state-of- 
the-art BASIC that gives you all 
the capabilities you need for complex 
engineering applications. Plus, you get 
important advanced features you won't find 


with any other PC BASIC. Like the complete set 
_ of HP graphic commands. Integrated HPIB (GPIB) 
syntax for intelligent instrument control. The advanced 
I/O Path system. And built-in matrix math. In fact, all the 
optional HP binaries are built in. There’s nothing else to load. You 
even get the full screen program editing and debugging 


HP HP BASIC and HPIB are registered trademarks of Hewlett-Packard. 


TransEra 3707 North Canyon Road, Provo, Utah 84604 * TEL: 801-224-6550 © FAX: 801-224-0355 
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user to plug large arrays of memo- 
ries into the computer’s main circuit 
board or a plug-in card. Existing 
1M-bit modules can be replaced by 
the 4M-bit modules, reducing 
power consumption/bit by 75%, ac- 
cording to the company. The mod- 
ules are organized as 4M x8 bits or 
4M x9 bits. 4M x 9-bit SIMM, $700 
(1000); individual DRAMs in SOJ 
and DIP packages, from $75 
(10,000). 

Oki Semiconductor, 685 N Mary 
Ave, Sunnyvale, CA 94086. Phone 
(408) 720-1900. Circle No. 373 


Dual BiFET Op Amp 
With Fast Settling Time 


® Settles to 0.01% in 500 nsec 
® Has 13-MHz gain-bandwidth 
product 
A dual version of the popular 
AD744_ precision op amp, the 
AD746 settles to 0.01% in 500 nsec 
for a 10V step, a speed that is three 
times faster than existing dual 
BiFET op amps, according to the 
company. Other dynamic specifica- 
tions include a 13-MHz gain-band- 
width product, a 75V/usec slew 
rate, and only 0.0001% total har- 
monic distortion. For de perform- 
ance, the op amp features a typical 
offset voltage of 0.3 mV (1.5 mV 
max) and input offset drift of 12 wV/ 
°C. Open-loop gain is a minimum 
of 150V/mV and is typically 300V/ 
mV. In 8-pin miniDIP, hermetically 
sealed ceramic-DIP, and _ surface- 
mount packages, from $4.25 (100). 
Analog Devices, Literature Cen- 
ter, 70 Shawmut Rd, Canton, MA 
02021. Phone (508) 658-9400. TWX 
710-394-6577. Circle No. 374 


EDN January 18, 1990 


Super Fast 
SRAM Modules 


Clock in at some of the high-“ 
est speeds in the industry with 
Micron’s family of super high qual- 
ity, super Fast SRAM modules. 

Our SRAM modules feature low-“ 
power, CMOS-design memories that“ 
produce record-breaking speeds from 15 
through 45ns. They’re the only modules 
that offer our unique protection circuitry 
which enhances performance. And the 128K X 
8 modules are fully compatible with next-gener- 
ation monolithic SRAMs. 

We offer a variety of SRAM and DRAM mod- 
ules manufactured to industry-standard and custom 
specifications. So, no matter what your application, 
Micron can help you design and develop a solution. 

For more information about Micron SRAM and. 
DRAM modules, call us today at 1-208-386-3900. And ~ 
discover how we can help you beat the clock. y 
Micron. Working to improve your memory. 


\ 


ORGANIZATION PACKAGES SPEED 
128K X 8 32-PIN DIP 30, 35, 45 
64K X 16 40-PIN DIP 30, 35, 45 
32K X 16 40-PIN DIP 30, 35, 45 
64K X 32 64-PIN ZIP 25, 30, 35, 45 
16K X 32 64-PIN ZIP 15, 20, 25, 30, 35, 45 
DRAM MODULES* 
512K X 36 SIMM/ZIP 80, 100, 120 
256K X 36 SIMM/ZIP 80, 100, 120 
1MEG X 8/9 SIMM/SIP 80, 100, 120 
256K X 8/9 SIMM/SIP 80, 100, 120, 150 
64K X 8/9 SIMM/SIP 80, 100, 120, 150 


64K X 4/5 SIMM/SIP 80, 100, 120, 150 


* Micron offers a variety of packages configured in both standard and low profile versions. 
Access Cycles offered are Fast Page Mode, Page Mode, Static Column and Nibble Mode. 


TECHNOLOGY, INC. 


2805 E. Columbia Road, Boise, Idaho 83706 208-386-3900 
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Computer 


Clock 
Battery 


For superior battery per- 
formance, reliable enough 
to risk your reputation on, 
specify Rayovac. 

For quality in the long run, 
consider our 844 Computer 
Clock Battery. Its unique 
architecture delivers econom- 
ical long life and safe, reliable 
operation. 


The power of innovation. 


Newark Electronics Sager 


Locations Worldwide 1 617 749-6700 


() 1989 Rayovac Corporation 


* — 


Our Lifex Lithium Coin Cells 
offer a shelf life ten times longer 
than conventional crimp seal 
batteries. With greater capaci- 
ty retention and superior per- 
formance. They’re available in 
a variety of tab and pin configu- 
rations. 

For reliability in harsh en- 
vironments, consider our Lifex 


Hammond/EMSCO Cypress Electronics Marsh Electronics 
1 407 849-6060 1408 980-2500 1 414 475-6000 
1 800 538-5112 outside CA 
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FB 2325 H2 


MADE IN U.S.A. TAM 


-FB batteries. Encapsulated 
cell technology allows them 
to withstand humidity, ther- 
mal shock and temperatures 

_ from -40°C to +100°C. — 

To set your ideas into 

motion, call your distributor. —~ 
And tap into the power of 
innovation at Rayovac. 


2 Megabit, 
IOQ Nanosecond 
EPROMS. 
Available Now 
From Mitsubishi. 


Now, with Mitsubishi’s h The 100ns, Soon, a ceramic leaded chip 
2Mb CMOS EPROMs, high * 2Mb EPROMs carrier (CLCC) will be available 
performance 16- and 32-bit are designed with that combines the advantages of 
MPU systems can access high den- "a page programming high memory density, fast access 
sity memory as fast as 100ns. Plus, algorithm that writes two words (32 _ time and erasability/reprogram- 
system current drain and EPROM bits) simultaneously. That means mability for surface mount 
programming through-put timecan _ all bits can be written in about 28 applications. 
be significantly reduced. seconds—four times faster than For more information on fast, 

Mitsubishi’s sub-micron CMOS conventional byte mode. 2Mb Mitsubishi EPROM’,s, call 
process technology makes fast, The 100ns, 2Mb EPROMsS are now. (408) 730-5900 Ext., 2106. 
100ns, 2Mb EPROM production the latest in Mitsubishi’s expanding 1050 E. Arques Avenue, Sunnyvale, 
feasible. And, it results in a low, EPROM line which also includes CA 94086. 
30mA active (LOOwA standby) 2Mb OTP ROM options in DIP, 
current drain. flat pack and PLCC packaging. 


MITSUBISHI 
ELECTRONICS 
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Your design is like a baby. First, its 
conceived. Then you nurture it. And 
prepare it for the real world. : 


To your design, however, the 
real world is a manufacturing — 
plant. And if your design = 
can’t be manufactured cost= 
effectively, it will ne 
get past the infancy 


Fortunately, there’s 
Design. Where the 
premier OEM speciz 
will help you create 

that combine the. 
your creative ski 
producability. 


At National Design, y 
innovative systems ‘and 


ii, 


National 
exhibitors. Plus leading a . | Engineering 
help vou create sacred | an eShow & Conference 


And the full spectrum of February 26 - March 1, 1990 
OEM components and n McCormick Place North « 
rials for every st 0) Chicago, IL 

design's developmen 


There’s also a complete Con: 
ference program sponsored y 
the ASME. With sessions and work- 
shops that deal specifically with Design fo 
Manufacturability. 


| 1 
These days, creating a design to be manufactured is-an SPECIAL DISCOUNT OFFER! 


awesome responsibility. But you don’t have to do it alone. : Save $15 
Come to National Design. And discover how to prepare your <a. Bring this ad to the show for 


design for the real world. | b= discount admission of only $10. 


We help designs make it ation, call 203-964-8287 today. 
in the real world. CEG. 6 


XL 
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NEW PRODUCTS 


COMPONENTS & POWER SUPPLIES 


DC/DC Converters 


@ Radiation hardened 
@ Available with single, dual, 
or triple outputs 

MRH Series de/de converters will 
function through exposure to 10” 
neutrons/em”, a 10” rads/sec radia- 
tion dose rate, and a 10° rads total 
radiation dose. These 15W convert- 
ers accept inputs of 16 to 36V and 
output 5, +12, or +15V in single-, 
dual-, and triple-output versions. 
Conversion. efficiency equals 72%. 
Typical main output load regulation 
is 0.1%, and line regulation equals 
0.05%. The multiple output models 
offer a flexible division of output 
power—the main output can handle 
from 2 to 10W, and each auxiliary 
will output from 0 to 6W. Worst- 
case start-up time measures 3 msec, 
and input-to-output ripple rejection 
equals —50 dB over the audio 


range. The units are housed in a 
hermetically sealed metal package 
that has a volume of just over 1 in’. 
$667 (100). 


Interpoint, Box 97005, Red- 


mond, WA 98073. Phone (206) 882- 
3100. FAX 206-882-1990. 


Circle No. 354 
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Self-Protecting 
Motor Controller 


@ Has an interrupt rating of 

65 kA at 480V ac 
@ Measures only 8 X 2.625 in. 
The PKZ 2-SP provides a number 
of functions—motor disconnect; mo- 
tor branch-circuit protection; pro- 
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tection against short circuits, over- 
loads, and ground faults; motor con- 
trol; and self-protection under fault 
conditions. The basic unit, which 
measures 8x2.625 in., comprises 
disconnect, contactor, and trip mod- 


ules. The controller has two sets of 


current-limiting main contacts: One 
single-break set provides discon- 
nect and isolating functions; the 
other contact set provides the mo- 


tor-switching capability. These con- — 


tacts are functionally coordinated to 
minimize current and energy levels 


in the event of faults or short cir- . 


cuits. The plug-in trip modules, 
which come in 11 versions with rat- 
ings of 0.6 to 40A, take care of over- 
loads and overcurrents and can han- 
dle motors rated for 30 hp at 460V. 
The PKZ 2-SP has an interrupt rat- 
ing of 65 kA rms at 480V ac or 100 

kA at 240V ac. From $446. 
Klockner Moeller, 25 Forge 
Pkwy, Franklin, MA 02038. Phone 
(508) 520-7080. FAX 508-520-7084. 
Circle No. 355 


Chip-Carrier Sockets 


@ Available in surface-mount 
VerSIONS | 
@ Meet requirements of MIL-STD- 
202 and MIL-STD-1344 
These PLCC (plastic leaded chip 
carrier) sockets are available in 
standard- (—55 to +110°C) and 
high-temperature (—55 to +220°C) 
versions. In models with 20 to 100 
positions, the sockets come in both 
through-hole and _ surface-mount 
types. Both types meet MIL-STD- 
202 and MIL-STD-1344 require- 
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Packaged LEDs 
bring your design to light. 


- -— -—- om 


wees 2 OCS b Fh ne ain onl <n) 


— 


ee 


AY. 7aces 


ls b333333371 ie 
—— HH 


= 


ek 
> 
ured 
| ae Bad 
Baas C Ths 
, +— 9 @v> 
» 
» » 
oo 


en Pee} S\s\sisisisie 


BO 

sis/s/e/elele 
ha ——++- Fea 4 HHBREBE 

es p SFFe yy SOOO 


igv 
5 


TO 
it ass 
c 
" 


etsy | Mae tr Sak Pat 


Ba> 
Gap 


When it comes to designing in LEDs, you're con- 
cerned with more than performance specifications. 
You're also responsible for packaging considerations 
... compatibility . ..time and money. So are we. 

IDI is your source for all kinds of indicator solutions. 
From a simple LED or lens to a ready-to-mount pack- 
aged LED assembly, IDI means competitive costs 
and fast supply. Select from our in-stock inventory with 
thousands of indicators and assemblies, or explore 
the possibilities of our custom-engineered packages. 


IDI turns ideas into innovative solutions. 
No one knows how to bring your needs to light better 
than IDI. We have years of experience 


12, Y7 and know-how in designing 


indicator lights. For special needs, 


Industrial Devices, Inc. 260 Railroad Avenue, Hackensack, NJ 07601 (201) 489-8989 (201) 489-6911 (FAX) 
CIRCLE NO. 118 
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our engineers will work closely to design and manu- 
facture the best product possible at the lowest cost. 


Turn to the source. 
From the smallest in-stock order to the most com- 
plex custom application, IDI is the home of indicator 
solutions. Write or call us direct and we'll send you the 
latest copy of “IDI” —The-Source Data Book. It’s packed 
with the largest selection of indicators 
... Standard variations ... money- 
saving packages... . customizing 
services and much more. I 
Only from IDI. Taking you 4 
from design to solution—fast. 4 


Call for your free IDI 
Data Book today! 


EDN January 18, 1990 


ST 


COMPONENTS & POWER SUPPLIES 


ments. The sockets have termina- 
tions on a 0.1-in.-square grid. They 
are rated to carry 1A and have a 
withstanding voltage rating of 500V 
rms. From $1.50 (1000) for a 68-pin 
unit. 

Arco Electronics Corp, 9016 
Fullbright Ave, Chatsworth, CA 
91311. Phone (818) 882-8707. 

Circle No. 356 


Triple-Output 

Power Supplies 

®@ Output to 14600W 

@ Have 82% efficiency 

Additions to the VF Series switch- 


ing-power-supply family, these 
three models offer 5V at 120A on 
the main output and 12V ratings on 
auxiliaries to provide total output 
powers of 850, 1100, and 1600W. 
All three feature 82% typical effi- 
ciency, isolated regulated outputs, 
and VDE-, IEC-, UL-, and CSA- 
approved internal modules. An op- 
tional filter enables the supplies to 
meet FCC 20780 Part 15 Class A 
and VDE 0871/6 Class A for con- 
ducted emissions. $860 to $1260. 
Delivery, four to eight weeks ARO. 
Deltron Inc, Box 13869, North 
Wales, PA 19454. Phone (215) 699- 

9261. TWX 510-661-8061. 
Circle No. 357 


Transmission Adapters 


e@ Let you mx serial and parallel 
devices 

e@ Increase transmission distance 
to 4000 ft 

The Distance Extender family in- 

cludes a series of parallel and serial 
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adapters that extend the transmis- 
sion distance between computers 
and peripherals using standard wire 
cable. Parallel models operate to 
4000 ft at 56k bps/port over 2-pair 
wires; serial models provide the 
same distance gains at 115k bps 
over 4-pair wire cables. You can 
mix parallel and serial units in the 


ideas clearly. 


professional articles. 


Get your FREE copy of 
EDN’s writer's guide by 
circling number 800 on 
the Information Retrieval 
Service Card or by calling 
(617) 964-3030. 


Turn Good 


— Ideas Into 
Good Articles 


With EDN’s FREE Writers Guide! 


Would you like to get paid for sharing your clever 
engineering ideas and methods with your professional 
colleagues? If so, then send for EDN’s new FREE 
writer's guide and learn how. 

You don’t need the skills and experience of a profes- 
sional writer. And you don’t need to know publishing 
jargon. All you do need are a little perseverance, your 
engineering skills, and the ability to communicate your 


Our new writer’s guide takes the mystery and 
intimidation out of writing for a publication. It shows 
you how to write for EDN using skills you already have. 
Plus, it takes you step-by-step through the editorial 
procedures necessary to turn your ideas into polished, 


same application. Models with Cen- 
tronics 36-in. connectors and DB25 
male plugs are available. From 
$110. 

Digital Products Inc, 108 Water 
St, Watertown, MA 02172. Phone 
(800) 243-8333; in MA, (617) 924- 
1680. FAX 617-924-7814. 

Circle No. 358 
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“WE DEPEND ON EDN'S MAGAZINE AND 
NEWS EDITIONS TO DELIVER THE 
SPECIFICS ON MAXIM PRODUCTS 
TO POTENTIAL CUSTOMERS.” 


Mike Dikas Maxim Integrated Products is one of today’s fastest 
Director Hs oe growing international suppliers of quality analog ICs. In the past five 
aa ROE RTOOLEES years they have introduced more than two hundred proprietary and 
improved second source devices. 


Director of Communications, Mike Dikas has piloted Maxim’s adver- 
tising program since its inception. “EDN’s magazine and news edi- 
tions have played a significant role in introducing many of our new 
products. In the past two years, over 25,000 EDN Magazine and News 
Edition readers have responded to Maxim ads, product releases and 
articles,” says Mike. “Our ads consistently fall in the top 10% in 
reader response in both editions of EDN. What’s even more amazing 
is that we typically get less than 5% duplication of responses to the 
same ad in both the Magazine and News Editions.” 


What's that mean for Maxim? “Since both editions deliver the 
same circulation, it’s apparent to us that the same engineers 
read both the Magazine and News Editions for different 
reasons. Given Maxim’s charter of product proliferation, 
EDN’s in-depth coverage of technical issues and timely 


coverage of new products are both of the utmost impor- 
tance to Maxim.” 


Mike Dikas believes in the complementary roles of EDN 
Magazine and EDN News Editions. 


EDN Magazine and News Editions work for 
Maxim Integrated Products. 
They can work for you. 


A Partnership in Power and Prestige Worldwide. 
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Pushbutton Switches 


@ Available with silver- or gold- 
plated terminals 
@ Feature a 100,000-cycle life 
Measuring 0.156 in. deep by 0.36 
in. in diameter, TL-3860 pushbutton 
switches are well suited for pc- 
board-mount applications. They 
have a life of 100,000 cycles and fea- 
ture oxygen-free copper terminals, 
which are available with silver or 
gold plating. Actuating force meas- 
ures 25 oz max, and switch-travel 
figures range from 0.015 to 0.025 
in. Maximum switch bounce equals 
5 psec. The switches are environ- 
mentally sealed against contamina- 
tion during board-fluxing and -sol- 
dering operations. $0.49 (1000). De- 
livery, four to six weeks ARO. 
Standard Grigsby Inc, 920 Rath- 
bone Ave, Aurora, IL 60507. Phone 
(312) 844-4800. FAX 312-844-4286. 
Circle No. 359 


Panel Indicators 


@ Feature a large LED display 

@ Offer 1-count repeatability 

Units in the 400A Series of digital 
panel indicators have LED displays 
that feature 0.8-in.-high characters, 
which are readable from across a 
room. The indicators offer 3500- and 
35,000-count resolution with 1- 
count repeatability. The units have 
temperature resolutions of 1, 0.1, 
and 0.01°; resolutions of 0.1 to 0.001 
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mV and 0.01 to 0.0001V are fea- 
tured for de measurements. A mini- 
ature DIP switch, accessible from 
the front panel, allows you to 
change between C and F' measure- 
ments. Alarms, BCD output, and 
analog output are some of the plug- 
in options available. From $339. 
Beckman Industrial Corp, 3883 
Ruffin Rd, San Diego, CA 92123. 
Phone (619) 495-3200. FAX 619- 
268-0172. Circle No. 360 


Flat-Package 
Power Supplies 


@ Offer tunable outputs 

e Feature EMI/RFI filter 

The FlatPac family of user-defin- 
able off-line switching power sup- 
plies combines standard de/de con- 
verters with a set of modular-pack- 
age and front-end subassemblies. 
Standard outputs are 5, 12, 15, 24, 
and 48V. All outputs are trimmable 


by +10 and —100%. The supplies 
feature EMI/RFI filtering to VDE/ 
FCC class A requirements and have 


-gafety-agency approvals pending. 


Sharing a common flat-package pro- 
file measuring 1.37X8.6 in., 
FlatPaecs come in widths of 2.5, 4.9, 
and 7.4 in. and can supply as much 
as 200, 400, and 600W, respec- 
tively. From $0.85/W. 

Vicor Corp, 23 Frontage Rd, 
Andover, MA 01810. Phone (508) 
470-2900. FAX 508-475-6715. 
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Cubic Inch* 


witching 


If you can't 

wait that long, 
call Power Trends 
at 708-231-5505 
for the details. 


POWER TRENDS 


1020 Carolina Drive, West Chicago, IL 60185 


Telephone: 708-231-5505 


Fax: 708-231-5577 
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In the Battle Against Interference 
TDK Is Your Best Defense 


TDK EMC Technology Provides Dependable Suppression of EMI/RFI. 


) 


As the activities of today’s electronics industry accomplished only through extensive research into 
advance further into the realms of digitalization and magnetic and dielectric materials using the most advanced 
high frequency, EMI and RFI become more crucial electronic technology. And each one of these components 
than ever. demonstrates TDK quality and reliability. 


TDK has developed a full line of components to help No matter what your product, look to TDK for the 
your products overcome EMI and RFI. This can be solution to all your EMI and RFI troubles. 


i 
la 
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EMI/RFI Suppression | Through Hole EMI/RFI | Ferrite Chip EMI Micro Chip EMI Filters Power-Line Leadless Leadless Line Choke 
Filters Filters Suppressors (Ferrite Inductors SF Coils 
Chip Beads) 
L at i} ° ald a poe 
Common Mode UL Recognized (CSA, Feed-Through Ceramic | EMI/RFI Suppression Ferrite Bead Cores Varistors ~~ Radio Wave Absorbents 


Choke Coils/Line VDE, SEV, SEMKO, BS) | Capacitors Ferrites 
Choke Coils (SF Type) | Ceramic Capacitors 


TDK Electromagnetic Compatibility Technology—At Your Service! 


CEL, TDK’s Component Engineering Laboratory in Torrance. CA, can custom design and test manufacture 
® TDK EMI/RFI suppression components to meet your specific requirements. For more information, call (213) 530-9397. 


TDK CORPORATION OF AMERICA HEAD OFFICE 1600 Feehanville Drive, Mount Prospect, IL 60056, U.S.A. Phone: (708) 803-6100 CHICAGO REGIONAL OFFICE Phone: (708) 803-6100 INDIANAPOLIS 
REGIONAL OFFICE Phone: (317) 872-0370 NEW YORK REGIONAL OFFICE Phone: (516) 625-0151 LOS ANGELES REGIONAL OFFICE Phone: (213) 539-6631 DETROIT DISTRICT OFFICE Phone: 
(313) 353-9393 NEW JERSEY DISTRICT OFFICE Phone: (201) 736-0023 BOSTON DISTRICT OFFICE Phone: (508) 624-4262 HUNTSVILLE DISTRICT OFFICE Phone: (205) 464-0222 GREENSBORO 
DISTRICT OFFICE Phone: (919) 292-0012 DALLAS DISTRICT OFFICE Phone: (214) 506-9800 SAN FRANCISCO DISTRICT OFFICE Phone: (408) 487-9585 TDK CORPORATION TOKYO, JAPAN. 
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NEW PRODUCTS 


CAE & SOFTWARE DEVELOPMENT TOOLS 


Ada For DOS 386 


@ Runs on 80386-based computers 
under PC-DOS 
@ Shell displays Ada programs in 
tree form to show dependencies 
The TeleGen2 Ada program-devel- 
opment system runs on 80386-based 
computers under PC-DOS. The 
compiler generates native 32-bit 
80386 code and comes with a source- 
level debugger; a global optimizer; 
a set of language tools that includes 
a cross-referencer, a source-de- 
pendency lister, and a source for- 
matter; and TeleShell. TeleShell, a 
screen-oriented user interface, 
gives you window, menu, and text- 
icon access to all programming op- 
erations. It can display Ada pro- 
grams in spreadsheet form or in a 
tree form that shows module de- 
pendencies and lets you move rap- 
idly between multiple screen levels. 
The source-dependency lister pro- 
duces a valid compilation-order list 
from programs that contain many 
source-code packages. $2995. 
TeleSoft, 5959 Cornerstone Ct 
W, San Diego, CA 92121. Phone 
(619) 457-2700. Circle No. 362 


C Compiler For RISC 


® Works with Motorola 88000 RISC 
processor 
® Conforms to ANSI X3J11 draft 
standard 

The D-CC/88K is a globally op- 
timizing C cross-compiler for the 
Motorola 88100 RISC processor. 
The optimizations include auto- 
matic register allocations, reorder- 
ing code scheduling, and global 
common-subexpression elimination. 
The compiler is compliant with 88- 
Open’s Binary Compatibility Stan- 
dard (BCS), and binary programs 
have successfully run on five differ- 
ent 88000-based computers. The 
compiler conforms to the proposed 
ANSI X3J11 C standard and ac- 
cepts the standard Unix System V 
command-line options. It runs on a 
variety of host computers, including 
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Sun workstations under Sun Os, 
DEC workstations under VAX/ 


VMS or Ultrix, and Macintosh II: 


under MPW. From $3500. 

Diab Data Inc, 328 Vintage Park 
Dr, Foster City, CA 94404. Phone 
(415) 571-1700. Circle No. 363 


Array-Design Tool 
@ Helps you design high-density, 
multilevel circuits 
e Allows Boolean-equation or 
state-machine data entry 
The PACE (PEEL Architectural 
Compiler/Editor) software package 
lets you design high-density, multi- 
level, I/O logic circuits for im- 
plementation in the vendor’s line of 
PEEL (Programmable Electrically 
Erasable Logic) arrays. A mouse- 
driven graphics editor illustrates 
and controls the architecture of the 
particular chip you are using and 


makes the overall design easy to un- 
derstand. It also allows you to de- 
fine the logic by Boolean equations, 
state-machine terms, or a mixture 
of both. The built-in compiler trans- 
forms your logic and performs any 
one of five user-selectable levels of 
logic reduction. A simulator allows 
you to simulate both internal and 
external signals, and it generates 
a waveform-timing display for 
analysis. The package includes a di- 
rect interface to the vendor’s PDS-1 


>a In February, we'll 
_ introduce a 3-Terminal, 
_ Integrated Switching 
~ Regulator with an 
Efficienc ne that exceeds 
a 


| patel an 


n MTBF that 


If you can't 

wait that long, 
call Power Trends 
at 708-231-5505 
for the details. 


F, 


POWER TRENDS 


1020 Carolina Drive, West Chicago, IL 60185 


Telephone: 708-231-5505 
Fax: 708-231-5577 
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To compete today, you need all the 


extra performance and reliability to 


make your hard drive out-perform 
the others. 


Blistering Speed 
The LD1111 is 150% faster than 


anyone else. That means you get a 
full 24 Mbits/sec data transfer rate. 


Enough to set you ahead of the pack. 


Dual Format 

The LD1111 supports both 
ST506/412 and ESDI formats. It’s 
also fully compatible with existing 
controllers and support chips. 


©1989 Silicon Logic, Inc. 
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Let’s talk real HD 
That delivers 24 Mbits/s 


Design Flexibility 

The LD1111 is the only controller 
designed for embedded or surface 
mounting applications. It has a 
variable buffer size of from 2K x 8 
to 64K x 8, and gives you no wait 
state 1 to 1 interleave. It’s fully AT 
bus compatible, and can drive up 
to a | Gbyte hard drive. 


Build Kits Available 
Everything you need to design for 
MFM, RLL and ESDI controllers. 


24-Hour Samples 

We mean business. We'll turn your 
sample request around within 24 
hours. And the call’s on us. 
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Call Toll Free 


1-800-272-8866 


The Enhancement IC Specialists 


290 E. Brokaw Road 
San Jose, CA 95161-9048 
Tel: 408-441-1615 

Fax: 408-954-0727 
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CAE & SOFTWARE DEVELOPMENT TOOLS 


a 


array programmer, as well as the 
ability to download data to Data I/O 
and other popular programmers. To 
run the design tool you need an 
IBM PC/XT, PC/AT, or compatible 
computer that has 640k bytes of 
memory, IBM EGA/VGA or com- 
patible graphics, and a mouse. $695. 

International CMOS Technol- 
ogy Inc, 2125 Lundy Ave, San 
Jose, CA 95131. Phone (408) 434- 
0678. Circle No. 364 


Ada Development System 
For Transputers 


@ Cross-compiler runs on 

DEC VAX computers 
@ Self-hosted compiler runs on 

Transputer board in IBM PC 
The company’s Ada development 
system comes in two Transputer 
versions, both of which have been 
validated by the Ada Joint Program 
Office (AJPO). The cross-compiler 
runs on DEC VAX computers 
and generates code for the T8 
Transputer; you can use the stan- 
dard Occam tool set to download the 
executable code to the target proc- 
essor. The self-hosted compiler runs 
on an auxiliary-processor board, 
which plugs into an IBM PC or com- 
patible and is populated with T2, 
T4, or T8 transputers. You can run 
the executable code generated by 
the compiler on the auxiliary-proc- 
essor board, using the I/O facilities 
of the PC; alternatively, you can 
download the code to a stand-alone 
Transputer system. Both compilers 
use standard optimization tech- 
niques, but in addition provide 
some Ada-specific optimizations, 
such as the elimination of redundant 
type-checking and the analysis of 
the call graph to eliminate uncalled 
code within a package. Self-hosted 
version, $22,250; DEC VAX cross- 
compiler version, from $30,000, de- 
pending on the host type and con- 
figuration. 

Alsys Inc, 67 S Bedford St, 
Burlington, MA 01803. Phone (617) 
270-0030. Circle No. 365 
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Telecomm Simulator 


@ Simulates mixed analog and 
digital systems at block level 
e Library has models of blocks for 
communications equipment 

TESS (Transient Electronic System 
Simulator) simulates mixed analog 
and digital systems at the block 
level. In particular, you can simu- 
late microwave-radio and T'V-trans- 
mission systems, codecs, PLLs, and 
most types of modulation. You can 
generate the free-format, Spice-like 
netlist with your text editor, which 
you can run from within TESS. For 
complex systems, you can _ use 
subcirecuit models from the library 
of devices, including filters, mixers, 
and VCOs. You can also capture 
schematics created by CAE tools 
from OrCAD or P-CAD. To facili- 
tate your use of these tools, the 
vendor can supply optional parts li- 
braries of communication devices. 
The program can handle as many 


a 800 blocks and 1000 nodes and 


can make use of a numeric coproces- 
sor, if your computer has one. 
TESS performs simulation on all 
blocks concurrently, with no re- 
strictions on feedback loops. For 
spectrum analysis, you have control 
over the resolution, span, and aver- 
aging; you can use FFTs with as 
many as 4096 points. In order to 
tweak the design without editing 
the circuit file, you can substitute 
your own parameter names for the 
model parameter values. TESS 
simulator, $495; ModGen model 
generator, $245; parts library for 
OrCAD SDT III, $145; parts library 
for P-CAD MD-3, $225. Educa- 
tional institutions can obtain site li- 
censes for 20 users at the price of 
two copies. 

Tesoft, 205 Crossing Creek Ct, 
Roswell, GA 30076. Phone (404) 
751-9785. FAX 404-664-5817. 
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In February, welll 
introduce a 3-Terminal, 
Integrated Switching 
Regulator that will 

_.. dramatically cut your 


Shown actuals 


| components 


If you can’t 

wait that long, 
call Power Trends 
at 708-231-5505 
for the details. 


‘Innovation in Power Technology.” 


POWER TRENDS 


1020 Carolina Drive, West Chicago, IL 60185 


Telephone: 708-231-5505 


Fax: 708-231-5577 
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CAE & SOFTWARE DEVELOPMENT TOOLS 


ASIC-Design Synthesizer 


® Accepts input in VHDL or the 
Verilog language 
@ Produces a complete ASIC de- 
sign you can fabricate in silicon 
The ASIC Synthesizer will synthe- 
size a complete ASIC design that 
you can fabricate in silicon. The 
package can accept input in either 
VHDL (VHSIC Hardware Descrip- 
tion Language) or in Gateway’s 
Verilog hardware-description lan- 
guage. Your design can be in the 
form of gate arrays, standard cells, 


PLDesigner V1i.Z 
System Name : CPU 


Possible Solutions: 


x P3684, P26R6, 3 x P16R8 
x P3668, P2@R4, 3 x PL6RS 


x P3848, P328, 3.x Pi6R8 


i 
Sesame unh 


Ph SI DO DO Po DO BS Bo mo Ba 


Possible Devices: 


Attempted : 35692 


x P386, P2ZARP6, 3 x P4i6RE 
x P3608, PZORP4, 3 x P16R9 
x P3686, P2Z@RP8, Pi6R4, 2 x Pi6RA 


x P3868, PZ@XRP6, 3 x Pi6RS 
x P3608, P2@XRP1@, Pi6R4, 2 x Pi6Re 
x P368, PZBXRP4, 3 x Pi6RS 


x P3686, P3268, Pi6R4, 2 x Pi6RS 


or optimized cell-based designs. 
The tool can evaluate the HDL de- 
scription and determine the best so- 
lution for a particular set of con- 
straints. By using product-specific 
compilers, the ASIC Synthesizer 
can implement a datapath, multi- 
plier, and memory; by using the 
logic synthesizer, it can implement 
general-purpose logic. The tool will 
be released in three phases: Phase 
1 (currently available) lets you syn- 
thesize complete chips, including 
I/O pad ring, logic, datapaths, and 


~ Partitioning Solution Menu 


EXIT 
Found : 165 


56Bna 
S6Gma 
568ma 
455ma 
455na 
538ma 
538na 
53tina 
398na 
398na 


64ns 
68ns 
68ns 
68ns 
68ns 
64ns 
68ins 
6Ains 
68ns 
64ns 


memories, using a combination of 
behavioral and structural descrip- 
tions within the HDL; phase 2 (to 
be released in 1990) will recognize 
datapaths from the behavior within 
an HDL; and phase 3 (to be released 
in 1990) will recognize memory and 
other sequential elements, as well 
as datapaths. $100,000. 

VLSI Technology Inc, 1109 
McKay Dr, San Jose, CA 95131. 
Phone (408) 434-3000. FAX 408- 
263-2511. Circle No. 367 


PLDesigner uses your design philosophy 


when scanning its library of over 2500 
different parts. Possible devices have 
architectures appropriate to implement 
the design. Attempted solutions are the 
combinations of possible devices. Of these 
combinations, 165 viable solutions were 
found. You can then choose from the top 
ten implementations displayed. Power 
consumption, propagation delay and 
estimated cost given for each solution 
ensure that the final implementation you 
select is the most rigorous solution for 
your design problem. 


Pi6R8 Pi6R6 Pi6R4 Pi6V8R PZ@RPB PZORPG P2ORP4 PZARP1IB PiGRPS 
Pi6RP6 PiGRP4 P28X8 P2OX4 P2BX18 PZARB PZBR6 PZBR4 PZAXRPS 
PZOXRP6 PZBXRP4 PZ2BXRP1G P3Z2@ PZBVGR P3@B P3BBC PTIORG PTI9RG 
PRISRS PRIORG PR1I9R4 PTAORG P22ViGR Poe P2ARAIA PiGRAB P2ARSE 


P2ORS4 P2ORS1B P331 P3ZUX1@R P9Be P338XK P33@ S39U18K Ssa9uiE | és 


Ses sap vn 


Only PLDesigner automatically 
generates multiple solutions 


for your design. 

Whether you’re new to PLD design or not, you'll benefit 

‘rom PLDesigner’s exclusive Architecture Mapping. 
First enter, synthesize, and simulate your design 

using any combination of Minc’s high-level language, 

schematic entry, or unique timing diagram entry. 

PLDesigner then automatically optimizes your design 


and selects the optimal device architectures, giving you 


solutions you may not have considered. Pick from the 
top ten solutions and PLDesigner will automatically 


Synthesize and select 
your best PLD solution. 


make pin assignments and, if required, automatically 
fit your design into multiple devices. 
The intelligence of PLDesigner lets 
you concentrate.on your design, qi a 
without becoming an expert on RE Pivesisn: 
hundreds of device architectures. 
To make PLD design as easy as 
multiple choice, call for your free ——— 
PLDesigner demo disk now. 


6755 Earl Drive 
Colorado Springs, CO 80918 
719-590-1155 FAX 719-590-7330 


210 CIRCLE NO. 24 


EDN January. 18, 1990 


NEW PRODUCTS 


TEST & MEASUREMENT INSTRUMENTS 


10-kHz to 1.35- and 2.7-GHz 
Signal Generators 


@ Provide LCDs with 

fluorescent backlighting 
@ Step between frequencies 

m 1 msec 

The 2030 signal generator covers 
frequencies from 10 kHz to 1.35 
GHz; the 2031 extends the range 
to 2.7 GHz. Both units provide 0.1- 
Hz resolution. They incorporate a 
digitally controlled sweep capability 
and can step to a new frequency in 
1 msec. You can adjust the RF out- 
put level of either instrument from 
— 144 to +13 dBm with an accuracy 
of +1 dB. Optionally, the 2030's 
output extends to +19 dBm. The 
generators’ user interface is based 
on menus that appear on a super- 


twist-LCD panel with fluorescent 
backlighting. The instruments al- 
low modulation of their outputs 
with four simultaneous signals. 
Among the modulation modes are 
wideband FM, which on the 2031 
allows 27-MHz deviation, and op- 


tional pulse modulation with 15- 
nsec rise and fall times. From 
$11,500. Delivery, six weeks ARO. 
Marconi Instruments, 3 Pearl 
Ct, Allendale, NJ 07401. Phone 
(201) 934-9050. FAX 201-934-9229. 
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MATE-Compliant 
Computer System 


@ Includes hardware and 
software 
e@ Expands by adding VME 
boards and 5°/-in. peripherals 
The MCS-1700 computer system 


complies with the Air Force’s 
MATE (Modular Automatic Test 
Equipment) standard. The hard- 
ware/software package is based on 
the MIL-STD-1750A instruction-set 
architecture. The CPU uses VME- 
bus boards and, therefore, ex- 
pands in a modular fashion. The 
storage bays accommodate half- 
height 5’4-in. peripherals, making 
possible further modular expansion. 
The. operating system, which is 
based on the MATE 5.0 operating 
system, supports four [KEE-4838 
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buses and two SCSI disk drives. 
$39,500. 

Tasco Electronic Services Inc, 
2121 W Crescent Ave, Anaheim, 
CA 92801. Phone (714) 685-0550. 
FAX 714-535-3458. Circle No. 382 


Two Analog-I/O Cards 


@ One accepts 64 analog inputs 

e Both provide 16 analog outputs 
The RTI-220 analog-I/O board and 
the RTI-222 analog-output board 
plug into the IBM Micro Channel 


Architecture (MCA) bus. Each 
board provides 16 12-bit-resolution 
analog outputs derived from a sin- 
gle D/A converter; the RTI 220 also 
accepts 64 analog inputs and in- 
cludes a 12-bit ADC capable of 21k 
conversions/sec. By use of external 


signal-conditioning panels, the 


boards can provide either voltage 


or current outputs and can provide 
1500V isolation between the com- 
puter-system ground and the loads. 
The vendor provides software driv- 
ers for several interpreted and com- 
piled high-level languages, includ- 
ing Basic, Pascal, and C. RTI 220, 
$650; RTI 222, $450 (1 to 9). 
Analog Devices Inc, 70 Shawmut 
Rd, Canton, MA 02121. Phone (800) 
426-2564. Circle No. 383 


50V Pulse Generator 


@ Provides 500-psec rise and fall 
times 
@ Produces pulses 20 nsec 
to 5 wsec wide 
The AVR-E2-C pulse generator 
produces 50V pulses with a rise and 
fall time of 500 psec and a width 
that you vary in two ranges from 
20 nsec to 5 psec. The maximum 
pulse rate is 50 kHz. Companion 
models produce 20V pulses with 
300-psec rise and fall times to 100 
kHz and 100V pulses with 500-psec 
transitions to 20 kHz. The genera- 
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THE NEW MICRO-CAP III. 


SO YOU CAN TEST-FLY 


EVEN MORE MODELS. 


It wasn't easy. But we did it. Made the 
long-time best-selling IBM® PC-based 
interactive CAE tool even better. 


Take modeling power. We've significantly 


expanded math expression capabilities to 
permit comprehensive analog behavioral 
modeling. And, beyond Gummel Poon BJT 
and Level 3 MOS, you're now ready for 
nonlinear magnetics modeling. Even 
MESFET modeling. 

Analysis and simulation is faster, too. 
Because the program’s now in “C” and 
assembly language. That also means more 
capacity — for simulating even larger 
circuits. 

As always, count on fast circuit crea- 
tion, thanks to window-based operation 
and a schematic editor. Rapid, right-from- 
schematics analysis — AC, DC, fourier and 
transient — via SPICE-like routines. The 
ability to combine digital/analog circuit 
simulations using integrated switch 
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Schematic editor 


Monte Carlo analysis 


CIRCLE NO. 121 


models and parameterized macros. And 
stepped component values that stream- 
line multiple-plot generation. 

And don’t forget MICRO-CAP III's 
extended routine list — from impedance, 
Nyquist diagrams and BH plots to Monte 
Carlo for statistical analysis of production 
yield. The algebraic formula parsers for 
plotting virtually any function. The support 
for Hercules, CGA, MCGA, EGA and VGA dis- 
plays. Output for plotters and laser printers. 

Cost? Still only $1495. Evaluation ver- 
sions still only $150. Brochure and demo 
disk still free for the asking. Call or write 
for yours today. And see how easily you can 
get ideas up and flying. 


1021 S. Wolfe Road 
Sunnyvale, CA 94086 
(408) 738-4387 
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TEST & MEASUREMENT INSTRUMENTS 


tors are available as ac-powered, 
stand-alone, benchtop units and as 
'1.7X2.6xX4.2-in. modules that use 
24V dc power and require an exter- 
nal TTL trigger. An optional termi- 
nal allows the insertion of de offset 
voltages to +25V. $3552. Delivery, 
60 days ARO. 

Avtech Electrosystems Ltd, Box 
265, Ogdensburg, NY 13669. Phone 
(315) 472-5270. Circle No. 384 


6'4-Digit VXIbus DMM 


@ Fits in single-slot C-size module 
@ Incorporates isolated input to 
maximize noise rejection 

The 1362 is a 6'4-digit multimeter 
in a single-width, C-size VXIbus 
module. The unit enables systems 
based on the open-architecture in- 
strumentation bus to make precise, 
accurate measurements of resis- 
tance and ac and de voltage and cur- 
rent. To minimize the effects of 
noise originating in the digital por- 
tion of VXI systems, the meter has 
an isolated front end that makes 
possible a common-mode rejection 
ratio of 146 dB at de, and when the 
integration period is synchronized 
with the ac line, the ratio is 134 
dB at 50, 60, or 400 Hz. Normal- 
mode filtering can reduce line-fre- 
quency-related errors by an addi- 
tional 20 dB. As a 6-digit de instru- 
ment, the meter makes 5 readings/ 
sec; with resolution reduced to four 
digits, the unit makes 1000 read- 
ings/sec. The dce-voltage accuracy is 
5 ppm of reading plus 2 ppm of full 
scale on the 10V range at 28 +1°C 
for 24 hours after calibration. Un- 
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der the same conditions, the ac- 
voltage accuracy is 0.02% of reading 
plus 0.01% of full scale from 40 Hz 
to 20 kHz. $3695. Model 1362MT, 
compatible with the MATE (Modu- 
lar Automatic Test Equipment) 
standard, $3995. Delivery, six to 
eight weeks ARO. 

Datron Instruments Ltd, Hurri- 
cane Way, Norwich Airport, Nor- 
wich NR6 6JB, UK. Phone (0603) 
404824. Circle No. 385 

Wavetek Corp, 9045 Balboa Ave, 
San Diego, CA 92123. Phone (619) 
565-9234. FAX 619-565-9558. 
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VXIbus-Based 

Power-Supply Tester 

@ Includes ac and dc sources and 
electronic loads 

@ Has a multiplexer with 100-MHz 
banduidth 

The Powertest 8100I is a power- 

supply tester based on the VXIbus, 


an open-architecture instrumenta- 
tion bus derived from the VMEbus. 
The system can include single- and 
3-phase ac sources, de sources, and 
500 and 2500W, high-current elec- 
tronic loads. The loads, which you 
can connect in parallel for increased 
dissipation, operate in constant-cur- 
rent and -resistance modes and con- 
tain voltage- and current-metering 
circuits. Because of its open archi- 
tecture, you can configure the sys- 


tem according to your requirements 
and keep it up to date as those re- 
quirements change. A frequency- 
selective voltmeter module meas- 
ures peak and peak-to-peak volt- 
ages in seven frequency bands, and 
a peak detector/timer measures 
transient response with 100-nsec 
precision. From $50,000. Delivery, 
90 to 120 days ARO. 

NH Research Inc, 16601 Hale 
Ave, Irvine, CA 92714. Phone (714) 
474-3900. FAX 714-474-7062. 
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2G-Sample/Sec 
Waveform Digitizer 


@ Provides 63.5-dB (10.5-bit) dy- 
namic range 


@ Can have 48 channels—12 at 


2G samples/sec 
The Series 2000 VMEbus-based 
waveform digitizer contains four 
500M-sample/see ADCs, each with 
a 330-MHz analog bandwidth; a 2k- 
word acquisition memory; and the 
ability to digitize with a signal-to- 
noise ratio of 63.5 dB (the equiva- 
lent of 10.5 bits). You can also con- 
figure the converters to acquire two 
signals at 1G sample/sec with 4k 
words of memory or one signal at 
2G samples/sec with an &k-word 
memory. You can expand the unit 
to contain 12 sampling modules with 
a total of 48 ADCs. A system with 
four channels and a 14-in. monitor 
costs $22,500. Additional 4-channel 
modules, $9950 each. Delivery, 
eight weeks ARO. 

Analytek Ltd, 10261 Bubb Rd, 
Cupertino, CA. Phone (800) 366- 
5060; in CA, (408) 725-2560. 

Circle No. 388 
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LITERATU 


Heat sinks and 
extrusions surveyed 
This 112-pg catalog describes the 
vendor’s complete line of stamped 
and extruded heat sinks and acces- 
sories. The publication discusses a 
variety of shapes that handle vari- 
ous space requirements and _ heat- 
dissipation needs. The book con- 
tains a new parts-numbering sys- 
tem and highlights technical data on 
heat-sink selection, analyzing ther- 
mal performance, and labor-saving 
options. Among the thermal-man- 
agement products described are ca- 
pacitor clamps and _ brackets, 
“hockey-puck” clamps, spring clips, 
forced convection coolers, Quik 
Connect dual terminals, mounting 
insulators, washers and grounding 
lugs, and thermal-conductive adhe- 
sives and compounds. 

Aavid Engineering Inc, Box 400, 
Laconia, NH 03247. 
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Two books detail 
two versions of Turbo Pascal 


Turbo Pascal DiskTutor and Ob- 
ject-Oriented Turbo Pascal: A new 
paradigm for problem solving and 
programming provide comprehen- 
sive tutorials to help you learn ob- 
ject-oriented programming with the 
vendor’s Turbo Pascal. Turbo Pas- 
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cal DiskTutor includes an updated 
version of Turbo Pascal 5.5, pro- 
gramming examples on disk, and a 
written tutorial providing complete 
instructions for learning Turbo-Pas- 
cal programming on your own. This 
version sells for $39.95. The second 
book, Object-Oriented Turbo Pas- 
cal, is aimed at classroom instruc- 
tion and costs $9.95. A supplemen- 
tal instructor’s manual and a tuto- 
rial disk containing programming 
examples are available separately. 
Borland International Ine, Box 
660001, Scotts Valley, CA 95066. 
INQUIRE DIRECT 


Screening procedure 
eases selection of ICs 


The company’s brochure describes 
screening and qualification proce- 
dures for NEC silicon monolithic- 
microwave ICs (MMICs), GaAs 
MMICs, and high-speed digital 
GaAs ICs. Also included are circuit 
elements such as transistors and re- 
sistors that meet MIL-STD-883. 
Reliability data for both chips and 
packages is presented for four 
grades: NEC Grade B—high reli- 
ability; NEC Grade C—umilitary; 
NEC Grade CX—military; and 
NEC Grade D—industrial. 
Through the use of detailed proc- 
essing information and flow dia- 


grams, the brochure makes it easy 
to select reliability grades and com- 
plete specification-control draw- 
ings. 

California Eastern Laborato- 
ries Inc, 3260 Jay St, Santa Clara, 
CA 95054. Circle No. 352 


Publication describes 
digitizing oscilloscopes 

This brochure presents the Model 
HP 54120 Series digitizing oscillo- 
scopes and time-domain reflec- 
tometry (TDR). The 34-pg publica- 
tion discusses state-of-the-art appli- 
cations and measurements, the Se- 


_ ries’ performance for computer- 


aided test applications, TDR, and 
the inside workings of the scopes, 
as well numerous accessories. The 
4-color booklet features the latest 
model, the 34-GHz HP 54123T. 
Hewlett-Packard, Box 2197, 


_ Colorado Springs, CO 80901. 
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Service solves DRAM 
“timing” problems 


Doctor Design’s SuperSpec, a sub- 
scription service, contains tables of 
composite specifications from 12 
manufacturers for 80-, 100-, 120-, 
and 150-nsec, 1M-bit dynamic 
RAMs (DRAMs) operating in a 1-pg 
mode. The publication provides a 
composite specification that lists 
every timing parameter for each 
manufacturer and a worst-case com- 
posite value. The product also gives 
basic information about the working 
of DRAMs, their timing cycles, and 
their design parameters, and shows 
how to derive the DRAMs’ compos- 
ite specifications. The vendor sup- 
plies a 3-ring binder to hold the pe- 
riodic updates. $195. 

Academic Press, Harcourt Brace 
Jovanovich, Publishers, 1250 Sixth 
Ave, San Diego, CA 92101. 

INQUIRE DIRECT 
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Most X.25 controllers are real dummies. 
At Themis we taught ours to talk. 


Themis network-proven software brings reliable WAN 
communications to the VME bus. Get your system talking 
X.25 in nothing flat! 

Themis’ X.25 controller cut its teeth on some of the world’s 
toughest packet switching networks. Certified to the rigorous stan- 
dards of Germany’s DATEX-P network, the TSVME 541 with 
proprietary X.25 software from Themis has proven itself on every 
major European network. 

And boy, can this fellow talk: 225 Kbps link level on each of 
two channels, or 400 128-byte packets/s at a 64 Kbps line rate. All 
three levels of the X.25 protocol (CCITT rev. ’84) are supported. 

Drivers for Unix, OS-9, VRTX kernel and Ready Systems 
Velocity 2.2 Network Environment make it easy to get your VME 
applications on-line. Plug and play with Sun® using Themis’ Sun 
O/S drivers. For performers who prefer custom software, Themis 
has a robust, hardworking Bus Interface Protocol to make driver 
development a snap. 

Get smart with X.25. Give Themis a shout. 


Call (415) 734-0870, FAX (415) 734-0873, or 
in Europe, 33 1 69.86.15.25, FAX 33 1 64.46.45.50 


Americas: 6681 Owens Drive, Pleasanton, CA 94588 
Europe: 29, Av. de la Baltique, 91953 Les Ulis Cedex-France 
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EDN’s 
CHARTER 


EDN is written for profes- 
sionals in the worldwide elec- 
tronics industry who design, 
or manage the design of, 
products ranging from cir- 
Cuits to systems. 


EDN provides accurate, de- 
tailed, and useful information 
about new technologies, 
products, design techniques, 
and careers. 


EDN covers new and devel- 
oping technologies to inform 
its readers of practical de- 
sign matters that will be of 
concern to them at once or 
in the near future. 


EDN covers new products 

¢ that are immediately or 
imminently available for 
purchase 

e that have technical data 
specified in enough de- 
tail to permit practical 
application 

¢ for which accurate price 
information is available. 


EDN’s Magazine Edition 
also provides specific ‘‘how 
to’ design information that 
its readers can use imme- 
diately. From time to time, 
EDN’s technical editors un- 
dertake special ‘‘hands on’’ 
engineering projects that 
demonstrate EDN’s commit- 
ment to readers’ needs for 
useful design information. 


EDN’s News Edition also 
provides comprehensive 
analysis and news of tech- 
nology, products, careers, 
and distribution. 


275 Washington St 
Newton, MA 02158 
(617) 964-3030 
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Now You Can Make 
Important Component Selection Decisions — 


Faster and Easier 


than You Ever Imagined! 


INTRODUCING CAHNERS 


CAPS ON THE SUN-3™ FAMILY 
OF WORKSTATIONS. 


THIS NEW, PRODUCTIVITY. 
BOOSTING ENGINEERING 
TOOL AUTOMATES, 
ACCELERATES, AND 
OPTIMIZES THE SELECTION 
OF INTEGRATED CIRCUITS 
AND SEMICONDUCTORS. 


CAPS WILL CHANGE THE WAY 
YOU WORK! 


CAPS is a trademark of Reed Publishing, USA. 


Imagine having up-to-date information on 
more than 425,000 devices from over 475 
manufacturers worldwide at your fingertips. 


Think about instantly accessing crisp, clear, 
unabridged images of manufacturers’ 
datasheets, with the same text, tables, and 
graphics found in the printed versions. 


Consider applying the power of menu-driven 
parametric searches that can identify devices 
which conform to your specifications. 


This is CAPS. It’s new. It’s different. And it 
gives you all the information you need to 
make critical component selection decisions. 


Available on.a subscription basis and updated 
every month, CAPS comes complete with a 
four-disc CD-ROM reader, ready to install on 
your Sun® engineering workstation. 


Sun is a registered trademark and Sun-3 is a trademark of Sun Microsystems, Inc. 


Learn more about how CAPS can take the 
drudgery out of your component selection 
process. Call or write: 


Cahners Technical Information Service 
275 Washington Street 

Newton, Massachusetts 02158-1630 
Telephone: 617-558-4960 

Facsimile: 617-969-6949 

Telex: 940573 

Toll-free: 1-800-245-6696 


CIRCLE NO. 123 


TOKIN TECHNOLOGY UPDATE 


The Fine Cultured SMD 
Transformers 


sg rahe 


ISDN has revolu- 

tionized global com- 
munications. By ena- . 
bling transmission of digitalized 
information signals, we now 
enjoy benefits from G4 fac-  . 
similes to video telephones the DC-DC 


transformers. All part 
of our never-ending 

_ search for the best mate- 

als, most innovative designs 

nd the ideal magnetic circuit. 


| TOKIN. The cutting edge 
and high-speed personal converters and _ 'rransformer technology. 
gii-speed p | BY 
computer communications. AC-DC isolation _. Call us now. 
Matching exchange and chokes that support Features 
terminal equipment with communications a _ @ Thin, compact configurations are 
intermediate circuits requires must provide not only — ‘pu. forme ideal for high: density mou tie 
| @ Flawless magnetic circuit designs 
transformers capable of improved performance, but a ae we eden t stop there. offer high-inductance 
transmitting pulse signals also thinner, more compact TOKIN SMD (Surface Mount characteristics 
with start-up and transient configurations. On the lead- Devices) Transformerscan © SM) discrete combined-use multi 
a | terminal structure 
response characteristics. ing edge of technological be designed for a vast range | : | 
To keep up with state-of- breakthroughs, TOKIN has of functions and purposes, Applications 
the-art miniaturization, developed an extensive line from high density mountings, © P&P converters, pulse trans- 
: sf formers, various ISDN response - 
= of surface mount trans- to low height installations, equipment and communications 
formers, for applications from  DC-DC converters and pulse equipment 


Lo ri 
i eG aoy i fs be 9 GL 
16 .0 max. | | ] ] 
_ were “ s 


Phone: (O89) 271 75 22 Fax: (089) 271 75 67 
Telex: 5 24 537 tokind 


Tokin Corporation Tokin Electronics (H.K.) Ltd. 
Hazama Bldg., 5-8, Kita- Aoyama 2-chome, Minato-ku, Tokyo 107, Japan Room 806 Austin Tower, 22- rp Austin ovence. 
Phone: 03-402-6166 Fax: 03-497-9756 Telex: 02422695 TOKIN J Tsimshatsui, Kowloon, Hong Kon 
. . Phone: (3) 679157~9 Fax: (3) 7395950 
Tokin America Inc. Taiwan Liaison Office 
: ‘ 7;F-2, No.200, Sec.3, Hsin-Yi Road, Taipei 
155 Nicholson Lane, San Jose, California 95134, U.S.A. Phone: (02) 7059310-1 Fax: (02) 7015650 
Phone: 408-432-8020 Fax: 408-434-0375 
Chicago Branch 8 
9935 Capitol Drive, Wheeling, Illinois 60090, U.S.A. Munchen Liaison Office 
Phone: 312-708-8802 Fax: 312-708-8804 ElisabethstraRe 21, 8000 Munchen 40, eo Deutschland 


You can reach our agents by phone: Denmark (03) 63 3830; France (1) 45-34-7535; Italy (0331) 67-8058; Spain 729-1155; Switzerland (01) 830-3161 
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__ PRODUCT MAE 


This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


Best value in a programmer you will 
ever find .. . anywhere 

For example, the model shown here is fully Uni- 

versal and is stand alone or remote controlled and 


offers these features: Programs & Tests any Logic, 
Memory or Micro device type in any package type 


MY VMEbus Signal/Image 
FIRST Acquisition and 
PAL Processing 
DESIGN | ICS-100 — 4-Channel Data 


up to 128 pins ¢ Performs Functional and Signature Primer for ies ee Digital Filtering 
Tests © Has 40 programmable pin drivers standard ; anc Analog Output Board. 
e Has Serial, Hi Speed Parallel and Handler ports Primary CS-105 156-C| | 
e Super Fast Batch & Set modes ¢ Device Library PAL ICS-10 erode Rat etties 
updates by Floppy Disk (two free) ¢ SGAPL Logic Des} Versatile Digital Filter Board. 
Compiler & R/C software included © IC MANUFAC- esigners ICS-200 — 384-Tap High-speed 
TURER APPROVED @ Many other features . . . $2,750.00 — ; FIR Filter Board 
FREE! Logical's 40-pg. booklet is ae 
not intended to be a manual, but pa os = mage ele Bo F 
rather a guide through the basics--to oe a ak ee 
help break the ice when you start — SunOs Drivers Available — 
your first PAL design. Easy to read ooos eo INTERACTIVE 


diagrams make this a must for first- 


FREE Demo Disk and hmarc™ will guid i i 
emo Disk and Benchmarc™ will guide you in timers. For your free copy, ask for 


making the right selection (even if it is not ours) 


SYSTEM 310 south Park Viciona Drive Siaron. LOGICAL Call Toll-Free 1-800-267-9794 
GENERAL Milpitas, ca 95035 305-974-0967 ia aac ida or 613-749-9241 


Tel: 408-263-6667 © Fax: 408-262-9220 
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AT EEE CA TE : es : : — 
A NEW Way To Don’t Get Zapped! 
DEVELOP & TEST PC CARDS High inrush current can destroy your sensitive VAX 


CPUs and peripherals in less time than it takes to 


-CIRCLE NO 325 


flip a switch. 
THE SOLUTION? | ee eee 
© the smallest power distribution ae 
and control system available. dm ™ 
|. POWER UP WITH — 


Innovative PC extender card. 


« Works with 8/16 bit buss. 

- Allows to insert and remove tested cards 
without turning power off. 

« Saves testing and debugging time - 
no rebooting and reloading of the test program. 

« Overcurrent sensing and protection. 

* 3" x3" breadboard area with decoded 
I/O address for expansion. 

- Hardware and software control and 
status interface. 

* Takes 8 bits of I/O space at any of 
14 different locations. 

- Buss signals available at the top edge 
connector and at pin header. 

¢ More 


Our proprietary. Multiple Time Delay ™ circuitry... 
sequences your power-up to protect your systems ‘ 
“from the spikes and surges, EMI & RFI, that destroy — 
/ your hardware and erase your data. And our 
remote on/off and emergency shutdown gives the - 
power control back to you. 3 


All Pulizzi Engineering MTD™ controllers are 
_-compatible with DEC and UPS systems. 
- PRICES FROM $436 TO $305 : 


DON’T WAIT UNTIL IT HAPPENS, CALL TODAY! 

PULIZZI_ ENGINEERING INC. \ 

3260 S. Susan Street, Santa Ana, CA 92704-6865 

(714) 540-4229 FAX (714) 641-9062 ‘ 


DEC standard functional testing for logic devices. 
TTL Logic functional test for 74xx/54xx series devices. 

@ File formats accepted: JEDEC (full), JEDEC (kernal), Straight Hex, MOS 
Technology, Motorola Hex, Intel Hex, Tektronix Hex. 


e Customer en via voice line, fax & dedicated BBS. Full 1 year warranty. 

e Base price ($595) includes Interface card, cable, Memory device library and 1 
ear free updates.Additional Device Libraries (Logic, Micros, Bipolars) $95ea. 

e Library updates can be received via floppy or Customer Support BBS. 


MC / VISA / AMEX Call today for datasheets! 


B&C MICROSYSTEMS INC. 


355 West Olive Ave, Sunnyvale, CA 94086 USA 
TEL:(408)730-5511 FAX: (408)730-5521 


Call for information: 
1 - 415 - 254 - 5400 
AZCOM - 12 Rose Lane # 104 « Orinda , CA - 94563 
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TURBO XT CPU BOARD 
e PC BUS, 4.2” x 5.4” (4 Layer) 

¢ Compatible with MS-DOS 2.0 - 3.X 

¢ Dual speed (4.77 MHz/10 MHz) CPU 

e Up to 2 Meg DRAM on board (SIMMs) 
¢ Includes EMS 4.0 Memory Manager 

¢ Processor: V20 Coprocessor: 8087 


© $320 qty. 1; $160 aty. 10 
295 Airport Road al 
Naples, FL 33942 4 


1-800-634-0701 | TEMPUSTECH, INC. 
CIRCLE NO 331 


eee 
abil perros 


IXTIAT & $299 
Il; Tandy and others. Or use RS ogg wtibles: Apple 


e 
Mon riot catalog: (203) 656-1806 


Frig-5 Eastein time 


JY ALPHA = 2° 
Pa pte pe 
Ye | LLPHA SerCHRNY (ee 


~S 


Innovation th, 4 iCati 
242-E West Avenue, Darien, Or ee 


Seneee 
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COMPLETE DEVELOPMENT SYSTEM 
FOR MACHINE CONTRO 
APPLICATIONS _scfitam» 


HARDWARE DEBUGGER 


The BusBoy51 is a new in-circuit debugging tool for 8051 based 
boards. Useful in both prototype and production testing, it will help 
isolate wiring errors and component failures. The BusBoy 51 is 
menu driven with a serial interface to the operators terminal. It pro- 
vides preprogrammed tests for 8051 memory and I/O, detecting 
Stuck and shorted address or data bits. The BusBoy 51 is powered 
by the target system and autobauds. Use the BusBoy 51 to verify 
prototypes, test failed boards to isolate the memory or buffer chip 
responsible, final check production boards for proper memory and 
1/0 operation. 


BusBoy C51 $389.00 51H $349.00 
CALL (315) 478-0722 FAX (315) 475-8460 


Logical Systems Corporation 
P.O. Box 6184, Syracuse NY 13217-6184 USA 
TLX 6715617 LOGS 
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27C512 AnD27C1001°* 
In-CIRCUIT EPROM 
EMULATOR 


Emulate JEDEC 28-pin and 32-pin EPROMs (27C64, 270128, 270256, 
270512, etc.). 


$475/$625° 


Intelligent monitor in firmware 
allows you to download the 
output of your assembler or 
compiler directly into target 
EPROM socket at rates to 38.4K 
bits/sec via PC COM port. 

@ Accepts Intel extended hex, 
Motorola S, TI, and straight 
binary formats. 

@ Examine, fill, modify, copy, 
search, upload, memory dump 
commands in firmware. 


TINY188 is a low cost “PC somewhat com- 
patible” engine for OEM controller applica- 
tions. A selection of high level languages is 
available in ROM. 

DDS188 An optional development board with - 
EPROM programmer, floppy disk controller 
and added memory, removes to lower target 
system cost. 


Prices start at $269 each/$129 at 1,000. 


Vesta Technology, Inc. 
(303) 422-8088 
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@programs 
E(E)PROM, ie iain 
PAL,EPLD, at ae 
GAL,PEEL,FPL, 
BIPOLAR, 
8748/51 SERIES. 
@tests TTL/CMOS | Bee Oe | 
$585 Complete. (us.ony) 


-programs E(E)PROMs upto 2MBits and 16 Bit wide. 

-16Bit- and 32Bit- WORD SPLIT & 4-GANG adaptor. 
-programs PALs (22V10) from AMD,MMI,TLNS,SAMSUNG. 
-supports PALASM2/CUPL/ABEL/ORCAD JEDEC files. 
-supports VERIFICATION using TEST VECTORs. 

-programs GALs & FPLs from LATTICE,SGS,NS,SIGNETICS. 
-supports RALs in GAL (16V8,20V8) devices. 

~programs EPLDs from INTEL,ALTERA,ATMEL,CYPRESS. 
~programs PEELs from ICT,HYUNDAI,GOULD(253,273). 
-programs BIPOLAR PROMs. 

“programs SINGLECHIPs 8748,8751,87C51 SERIES including 
-87C451,87C751,63701X/Y/V,63705V with adaptors. 


™ 100 ns access time standard— Developed and -tests ICs (TTL,CMOS) & MEMORYs (upto 1MB) 

faster available. manufactured in the USA -with USER-DEFINABLE TEST PATTERN GENERATION. 
@ Reset target processor -High-Speed, Parallel Interface & S/W Upgradable for New Parts. 
from keyboard. Phone (214) 242-0450 


XELTEK 1-800-541-1975 (Toll Free Order) 
473 SAPENA CT. #26 TEL: (408) 727-6995 
SANTA CLARA, FAX: (408) 727-6996 
CA 95054 COD,VISA,MC,AMEX 
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@ PC based communica- 
tions software included. FAX (214) 245-1005 


Call or write for detailed 1301 N. Denton Drive 
product information and Suite 204 T=) 
prices. Carrollton, TX 75006 research incorsorarep 
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ECONOMICAL MINIATURE GEARHEAD 


Sample quantities of a new series of economical precision 
gearheads are now available for immediate delivery. Micro 
Mo brand 16-22mm diameter gearheads will fit System 
Faulhaber brand as well as many competitive motors. Sinter- 
ed and ball bearing versions are available in ratios from 9:1 
to 5,752:1 with efficiencies of up to 81%. Such products are 
ideal for OA, instrumentation, pumps and monitoring de- 
vices, and precision modeling. 


Micro Mo ine ON’ 


742 2nd Avenue South, St. Petersburg, Florida 33701 USA 
Phone: 813/822-2529 / Telex: 807-982 
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Combine Your 
Product Mart Ads 


In EDN's Magazine 
and 
News Editions for 
higher impact and a 


lower rate. 
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Chime and Warble Tone Piezo Alarms 


Improved chime tone piezo alarm faithfully repro- 
duces pleasant sound of small bell with attention 
getting output to 93dB @ 2ft. 1 or 2 chimes, 
per sec. Optional volume control; warble tone 
alarm has more aggressive but not abrasive 2Hz, 
2 tone warble to 95dB @ 2ft. Alarms have low, 
2200 Hz center freq. 5 Vdc-220 Vac, PC or 
panel mount. Opt manual shutter vol. control. 
Recog. components U.L. listed. 


USA made by Floyd Bell, Inc. 
Box 12327, Columbus, OH 43212 
614-294-4000 FAX: 614-291-0823 
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COMMUNICATIONS 


(508)485-1144 


FAX 508-481-7222 
BBS 508-460-9203 


LOW BUDGET SPECIALS 


19" COLOR SUPER VGA MONITORS 


LIKE NEW -- 6-MONTH WARRANTY $800.00 
USED -- 3-MONTH WARRANTY $600.00 
USED WITHOUT CASE $300 TO$500.00 


19" COLOR SONY 1280X1024 $1600.00 
THESE SONY TRINITRONS 
HAVE A FULL 6-MONTH PARTS 
AND LABOR WARRANTY. 
LIMITED QUANTITY. | o- 

16" Ikegami 64 kHz 1280X1024 | alk Ihe aN 

New $899.00 gr RH 

16" Panasonic 64 kHz “LE 

Used $599.00 

14" Ikegami TTL VGA chassis, New, 1-year warranty $249.00 

19" PHILIPS 1024x800 48 kKHzGRAYSCALE . . $350.00 

NEW, 1-YEAR WARRANTY. MAY BE ORDERED FOR VGA AT 

NO EXTRA CHARGE. IN VGA MODE, WILL RUN 800X600X256 

GRAYSCALE, OR 1024X768X16 GRAYSCALE ONLY. 


CALL US ABOUT OUR LARGE VARIETY OF GRAPHIC CARDS! 
194 Main Street Marlborough MA 01752 


CIRCLE NO 340 
SuperCAD" 


Schematic entry 
Software 
for the IBM PC & 


Compatibles 
ONLY 


‘QQ” 


COMPLETE PACKAGE 
* Easy-to-use schematic entry program for circuit diagrams, visible 
on-screen and pull down menus 


% Supports popular graphic standards, mice and printers 
* Powerful editing and drawing commands 

* Extensive digital, analog and discrete part libraries 

% In-depth, readable instruction manual 

* Can be used for flow charts and timing diagrams 

%* Software includes part building, and netlisting 


* Acompatible P.C. board layout software ($99) and routing software 
($99) available 


Write or call for demo disk: 


MENTAL AUTOMATION we.) 


ORDERS/INFORMATION: 
Send check or money orders to: 
Mental Automation, Inc., Dept. S-9, 5415 136th Place S.E., 
Bellevue, WA 98006 or call (206) 641-2141 
Visa/MasterCard orders accepted! 
Dealer inquiries welcomed. 
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SC/FOX"™ High-Speed Embedded Systems Controllers 


SC/FOX PCS32_ (Parallel Coprocessor System32) 15 MIPS, 
70 MIPS burst, general purpose PC/XT/AT/386 32-bit plug-in 
board, 64K-1M byte 0-wait state memory, uses 32-bit SC32 
RISC microprocessor. 


SC/FOX SBC (Single Board Computer) 18 MIPS, 60 MIPS 
burst, uses 16-bit Harris RTX 2000, for stand-alone or embedded 
operation, 100x160mm, | serial, 1 printer port, 32K-512K bytes 
Q-wait state memory. 

SC/FOX PCS (Parallel Coprocessor System) 15 MIPS, 50 
MIPS burst, general purpose PC/XT/AT/386 plug-in board, 32K- 
1M byte 0-wait state static memory, multiple board operation, 
uses Harris RTX 2000. 


SC/FOX SCSI I/O plug-on PCS or SBC daughter board with 
SCSI, floppy, serial, and parallel ports, and driver software. 


Ideal for embedded real-time control, data acquisition, and signal 
processing. Forth development software included. OEM pricing. 


SILICON COMPOSERS INC (415)322-8763 
208 California Ave., Palo Alto, CA 94306 
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DATA ACQUISITION 
CONTROLLER 


Now for the first time the 7200 combines mele 
hardware and software with high resolution analo 
1/O. Everything you need is on one STD Bus card 
Easy to use STD BASIC Ill software supports all _ 
on—card hardware. Ideal for data acquisition, 


positioning, and motion control . Program 
a r d U ct Mi rs | rt development software available for PC. 
O od 12-bit, 8 channel A/D aos : 


ecoeooeoeeee a 
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MICRO/Q 2000 
FOR A DECOUPLING CAPACITOR THAT SAVES 
SPACE, DEFEATS NOISE, IS SUITABLE FOR 
MILITARY APPLICATIONS AND BEATS 
HUMIDITY, HEAT AND COLD: 

ROGERS MICRO/Q® 2000 

Rogers Corp., 2400 S. Roosevelt, 

Tempe, AZ 85282. 602/967-0624 


32 TTL W/O lines 
S Keypad port 
Result 
EEPROM programmer 
6510 W. 91st Avenue 
“Best Value” in PCB Design 
powerful features including 1 mil resolution, 
completion autorouter, and pho- 
from our selection of entry-level 
Jango 
Ngo 

Showdown ’89. Rich functionality, one year’s 


ra 12-bit, 2 channel D/A 
Provides Supports 2 MB on bus 
Consistent 1 RS—232 serial port 
1 RS—232/422 serial port 
Battery—backed RAM 
Watchdog timer 
Call 303—430—1 500 for more information. 
O OCTAGON SYSTEMS CORPORATION 
al Westminster, CO 80030, Fax: 303-426-8126 | 
CIRCLE NO 342 
Tango™ sets the pace in PC-based circuit board design 
with an easy-to-use, pop-up menu interface and 
full SMT support, DRC, Gerber and 
PostScript™ output, fast high- 
toplot previewing. Configure 
your personal PCB design station 
and expert tools, starting at 
just $595. 
See for yourself why engineers rated 
Tango the “Best Value” in PCB design at CAD 
updates, free tech support and BBS, plus our 30-day 
guarantee. Call today. 


FREE EVALUATION PACKAGE 
800 433-7801 619 554-1000 619 554-1019 Fax 


ACCEL™ Technologies # 6825 Flanders Drive ® San Diego, CA 92121 USA 
International prices may vary. Contact us for the distributor nearest you. 


CIRCLE NO 345 


CIRCLE NO 344 


MODEM COMPONENTS 


COMMUNICATIONS 


(508)485-1144 


FAX 508-481-7222 
BBS 508-460-9203 


VISION 16 IMAGE CAPTURE 


EX 


Vision 16 Cards: NY 
solution to your /} 
imaging needs -- | }\== 


A 


3D, Lumena, Rio, 
Picture Power. 


DAA 
DOC, FCC, INTERNATIONAL 
e ERROR CORRECTING AND 


DATA COMPRESSION » | eS 
MNP LEVEL 5 Board and Colorcheme | software list for 
sabes $1495.00 - 


e COMPLETE MODEM MODULES 
PRE-APPROVED 
2400, 1200 BPS 
AT COMPATIBLE 


Special OEM discounts for EDN 
readers: Please Call!! 


We also have 19-inch Ikegami 
monitors, perfect for image capture, at a 
Special OEM Price! 


194 Main Street Marlborough MA 01752 
CIRCLE NO 348 


CERMETEK MICROELECTRONICS 
1308 BORREGAS AVE. 
SUNNYVALE, CA 94089 


CIRCLE NO 347 


FAX # (408) 752-5004 
TEL # (408) 752-5000 
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With monthly production of 50,000 units, we represent 
the world’s largest matrix touch-panel manufacturer. 
And with 50-day delivery for custom parts, we may be 
the fastest. Our matrix, analog resistive and TekTouch 
sensors are ideal for any application. 


We've got the best touch. Send drawings of your 
projects for a quotation and we'll prove it. 


The Graphics 

Technology Company, Inc. = 
5524 Bee Caves Road = 
Austin, Texas 78746 F 


FAX: (800) 962-3860 
Phone: (512) 328-9284 


CIRCLE NO 349 


_ Worstcase at its Best! 


Worstcase Nom. Min, Max 


~ Analog Circuit Simulation 


— ECA-2 Electronic Circuit Analysis offers the best Monte Carlo 
and Worst-Case analyses with the capability to concurrently plot 
random samples or Min/Max/Nominal values. 

© AC, DC, Transient e Interactive/batch modes 

Fourier, Temperature e Full nonlinear simulator 
© Sine, Pulse, PWL, SFFM, © Over 500 nodes 

and Exponential generators © Multiple plots 
¢ 2 to 50 times faster than SPICE 


ECA-2 2.50 IBM PC or Mac $775 
Call 313-663-8810 for TE DEMO disk 


Tatum Ue Inc. 
3917 Research Park Dr. B-1, Ann Arbor, Mi 48108, USA 
313-663-8810 


CIRCLE NO 752 


EZ-WRITER 


48 CHANNEL 25 MHz LOGIC ANALYZER 


$1595, 00 4 POD PRICE ——— 
_ M48 Chnnis @25MHz x 4K word deep/12 Chnnis @100MHz . 
: nf 16 Trigger words/16 Level Trigger ones 
. Storage and recall of traces/setups to disk | 


MH Disassemblers available for: 68000, 8088, 086, 80286, 
- 8801, 6811, 280, 8085, 6502, 6809, 6303, 8031 / 


NCI [1 6438 UNIVERSITY DRIVE, 
_ HUNTSVILLE, AL 35806 


(205) 837-6667 
CIRCLE NO 350 | 


° + IBM PC, PS/2, Macinineh HP, ca DEC 
¢ IEEE device drivers for DOS, UNIX, 
Lotus 1-2-3, VMS, XENIX & Macintosh 
¢ Menu or icon-driven acquisition software 
¢ IEEE analyzers, expanders, extenders, buffers 
* Analog I/O, digital I/O, RS-232, RS-422, SCSI, 
modem & Centronics converters to IEEE 488 


CIRCLE NO 753 


(E)EPROM Multiprogrammer™ 
DATA I/O 212* Performance 


For Only $995. 


100% USA 
Made 


DC Model 
Available 


Supports 
(EXEPROMs 
up to 40-pins. 
Stand-alone or Remote. 
40-pin Micros Opt. 
SET/GANG 4 (E)EPROMs Opt. 

Parallel port for Fast Up/Down Load. 
256K bytes, expandable to 16 megabits. 


1-800-523-1565 
Bl|T}elK In Florida (407) 994-3520 
Fax: (407) 994-3615 


* DATA I/O is a registered rari ) DATA I/O Corporation 


CIRCLE NO 755 


and News Editions 


TAKE THE FAST TRACK 


80C286 AT CMOS 
piobiners csichrino st atilote 


The TEK224 integrates a PC/AT type 
computer on a single STD Bus card. It 
features an 80C286 at 16Mhz with 
zero-wait state, 2 Mbytes of system 
memory, two serial ports, one parallel 
port, and consumes less than 6 watts. 


P.O. Box 455 
Ste-Thérése (Québec) 
Canada J7E 4J8 
Tél.: (514) 437-5682 
Fax: (514) 437-8053 


4 
ji MICROSYSTEMS INC. 
The right connection 


CIRCLE NO 751 


Communicate 


Weekly 


to the electronics 
OEM through 
EDN’ s Magazine 


Product Mart 


CIRCLE NO 754 
PROTOTYPING ADAPTORS 


simply optimal! 


Prove it to yourself. . 
Call (800) 777-1202 
for free evaluation. 


Bi = adams- macdonald 


P 800 Airport Road - Monterey, 
CA 93940 - Fax (408) 373- 3620 
Telex 882141 - Tel. (408) 373-3607 


He 


SS Se 


CIRCLE NO 756 


BY THE HUNDREDS 
Our line of prototyping adaptors for VLSI devices including 
PGA, PLCC, LCC, ZIP, DIP, and Plastic Quad Flatpak is the 
most extensive available in the industry. These devices allow 
easy prototyping of these difficult to handle devices. Pins and 
sockets used are gold plated and of the highest quality. Parts 
are available in soldertail or with 3 level wirewrap pins. All 
types of wirewrap panels are covered. 


IRONWOOD ELECTRONICS 
P.O. BOX 21151, ST. PAUL, MN 55121 
(612) 431-7025 
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AAA 


WANTED 
LAS Bug #880285 


¥ 


Timing Error 


Exterminate him with the 8 ns resolution the 
Logic Analysis System 


4k to 64k memory depth 

16 level triggering with pass counter 

40 to 320 channels 

A complete Logic Analyzer on a Card 
Interactive software under Microsoft™ Windows 
Source code in C for automatic testing 


701 River Street 
Troy, NY 12180 
(800) 367-5906 
(518) 274-0755 

FAX (518) 274-0764 


CIRCLE NO 758 


DESIGNS, 


Consistency 
is 
key 


—VvVV VN 


to the power of 
EDN Product Mart 


CIRCLE NO 761 


WE‘RE BENDING THE RULES FOR CIRCUIT DESIGNERS 


-BEND/FLEX™, the bendable board 
material flexible enough to bend into 
any multi-plane shape. Eliminates 
stiffeners, flex-hardboard connectors. 
May reduce cost of two- and three-plane 
interconnect systems by as much as 30%! 


Rogers Corporation. One Technology Dr., 
Rogers, CT 06263. (203) 774-9605. 


CIRCLE NO 764 


Z-1000B 
UNIVERSAL 
PROGRAMMER 


e annels; 74 device; Conversion time 
is less than 25sec; Input range: +5V; Software oe Mode oa 

e D/A converter: 1 channel; 12 bit resolution; 0 to +5/10V Output Range. 

@ Digital 1/O: 16 In/Out(TTLcompatible); External Wiring Terminal Board incl. 

e Utility Routines and Demo/Sample Programs for BASIC and Quick-BASIC. 


WOT SDT 
(PC L s 12 : hoc 

uts; Uses ADS74; Com SS 

le pacer; Input Ranges: + 10V, +SV, +1V. 

tput e 0-SV. 

er/Timer (8254). 

in BASIC. 


7 se i 
e A/D converter: 16 single ended or 8 differen’ : 
Programmable scan rate; Built-in Interrupt and DMA control circuitry. 
Conversion speed 60,000 smpls/sec (standard), 100,000 smpls/sec (optional). 
e Input Ranges:Bipolar : + 10V, +5V, +2.5V, +1V, +0.5V; Unipolar:10,5,2,1V 
e DA converter: 2 channels; Resolution: 12 bits; Settling time: Susec,; +5V 
e Digital 1/O:16In/Out(TTLcompatible); Programmable Counter/Timer (8254). 
e Software: Utility software for BASIC & QuickBASIC included. Sample prgm. 
Supported by LabDAS, ASSYST, LABTECH, UnkeScope. 
@ Output Ranges: 0 to +5V, 0 to +10V, +5V, +10V, or sink 4-20mA. 
e ar time: 70,S. Linearity: + 1/2bit. Voltage output drive capacity: +5mA. 
@ Digita 
MC/ VISA / AMEX Call today for datasheets! 


B&C MICROSYSTEMS INC. 


355 West Olive Ave, Sunnyvale, CA 94086 USA 
TEL: (408)730-5511 FAX: (408)730-5521 


m PROGRAM THOUSANDS OF DIFFERENT 
DEVICES 

m NO PERSONALITY MODULES REQUIRED 

m DESIGNED FOR EASE OF OPERATION 

m@ STAND ALONE AND MS-DOS DRIVEN 

m@ SELF CALIBRATING 

™ QUICK FLIP LCC AND SMT ADAPTERS 


CAS BEST PROGRAMMERS 


AMERI 


. SUNRISE ELECTRONICS, INC. 
524 South Vermont Avenue, Glendora, California 91740 
(818) 914-1926 


CIRCLE NO 760 
E/EPROM PROGRAMMER 


X\ 
4 ENGINEERING S 389 5 


Dynamic C Lifetime FREE 
For Real-Time Embedded Systems software updates 
(1st in the industry) 


Z80/Z180/HD64180 


' A new idea! 
An integrated C 
development environment with editor, 
compiler and source level debugger. 
Memory-resident on your host PC. 
Compiles, while downloading to the 
target, at 25,000 source lines per minute. 
Complete, low-priced system includes an 
IC180 in-circuit emulator and Dynamic 


The Engineer’s Proogrammer™ 


CALL TODAY 800-225-2102 


C software. Ask for a Free Demo Disk. ea ririr.i 
pe BP aicrosystems 
spent esiae Tag oy 713/461-9430 FAX 713/461-7413 


(916) 753-3722 « Fax: (916) 753-5141 


10681 Haddington, #190, Houston, TX 77043 
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Create a DISKLESS PC 
I}'s EASY../1 Ss SIMPLE. ....... PC BASED 
THERE’s Nothing to it!!! EMULATORS 
@ Source Level Debug for 
PL/M and ’C’ 


@ Source Level trace 

@ Debug with symbols, not 
HEX data 

@ Source Level disassembly 
with in-line assembler 

@ Interchangeable probe cards 


@ Up to 128K emulation 
memory 


@ 20 MHz real-time 
emulation 


@ Up to 4K trace buffer 


MetaLink™...Originators ofthe $ Snucsost cruitton 


PC Based 8051 Emulator including all I/O ports, idle, 
power down, DMA, and 


We have more 8051 emulatorsthan anyone —_WatchDog timers at NO 
in the world: 8031, 8051, 8032, 8052,8344, 8044, _ dditional cost. — 
BOCIS2JANBIJC/JD, 83C152JA/JC, 800452, © Breaks set symbolically 
BOC51FA, 80515, 80535, 80512, 80532, 80513, © Fully documented 
800517, 80C521, 800541, 800321, 8053, 8XC154, @ Serially linked to PC 
8XC451, 8XC552, 8XC562, 8XC652, 8XC751, @ OEM supplier to 8051 IC 
8XC752, 800537, CMOS, EPROMs, OTPs manufacturers 


Call or write for Free demo diskette © Unlimited FREE technical 


1-800-METAICE®  oFonsiae 


For Information Call or Write: yVz 

MICRO COMPUTER SPECIALISTS, INC. MA ES coporation 
B10 208 Be ae rae oey fa eee ie LEONA 
San Marcos, CA 92069 *Price is U.S. list 

(619) 744-8087 
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PROMDISKtm_ III 


IBM PC DISK EMULATOR CARD 


* On-Board BIOS ROM 
* IBM PC/XT/AT Compatible 
* Mix EPROMs, EEROMs, SRAMs 
* Emulates up to 1.024Mbyte Drive 
* Occupies 32K PC address space 
* Supports popular Byte-Wide chips 
~* Includes PROMDISKtm IIl Software 


IMAL 
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PAL/ PROM Programmer Adapters 


@ Any EPROM programmer designed for DIPs can be 
converted to accept LCC, PLCC, and SOIC sockets in seconds! 
® To program, just insert an Adapt-A-Socket™ between the 
programmer’s DIP socket and the circuit to be programmed. 
® Designed to fit all types of EPROM programmers, including 
Data 1/0 120/121A, Stag, Logical Devices, etc. 

® Quick turnaround on custom engineering Services, if 
needed. For a free catalog, contact: 


Emulation Technology, Inc. 
2368-B Walsh Ave. Santa Clara, CA 95051 
Phone: 408-982-0660 FAX: 408-982-0664 


CIRCLE NO 767 


MULTIBUS™ AT-COMPATIBLE SBC 
Multibus | is now IBM PC/AT™ compatible with MAT286™ our newest 
single board solution. MAT286 includes all of the functions of a 10 MHz 
AT motherboard, plus 2 serial ports, a parallel port, two SBX expansion- 
module interfaces, up to 512K EPROM/EEPROM/SRAM, and up to 4M 
of parity-checked, dual-ported DRAM. A piggy-back card, MATxSYSIO, 
adds EGA, floppy, and SCSI interfaces. Embed all the guts of an AT, two 
SBX modules, and more, into two Multibus slots! 

Phone (408) 253-0250 or write for more information. 

Single Board Solutions, Inc. 
20045 Stevens Creek Blvd, Cupertino, CA 95014 


Multibus is a registered trademark of Intel Corp. 
MAT286 and MATxSYSIO are trademarks of Single Board Solutions, Inc. 
IBM and PC/AT are trademarks of International Business Machines Corp. 


CIRCLE NO 770 


CIRCLE NO 773 


RELIABILITY 


PREDICTION 
SOFTWARE 


ARE YCUR PRODUCTS RELIABLE? 


The RelCalc 2 Software Package predicts the reliability of your 
system using the part stress procedure of MIL-HDBK-217E, 

and runs on the IBM PC and full compatibles. Say goodbye 
to tedious, time consuming, and error prone manual 
methods! RelCalc 2 is very easy to use, and features menu 
windows, library functions, global editing for what-if? trials, 
and clear report formats. Try our Demo Package for $25. 


T-CUBED SYSTEMS, 31220 La Baya Drive #110, Westlake 
Village, CA 91362. (818) 991-0057 © FAX: (818) 991-1281 


CIRCLE NO 768 


HANDSOME HANDLES 
RAF offers a line of handles with a high-tech in 
round, oval, and round offset shapes with match- 
ing ferrules. These precision-made, dimensionally 
accurate handles are available in a wide variety of 
sizes, materials, and finishes. They are part of 
more than 35,000 items in stock. 
For a catalog write or call: 
RAF Electronic Hardware, Inc. 
95 Silvermine Road, Seymour, CT 06483 
Tel. (203) 888-2133, FAX (203) 888-9860 


CIRCLE NO 771 


DOS IN EPROM 


Or any other code, for that matter! PromKit allows 
you to create Eproms that look like read-only disk 
drives in your PC-compatible systems. Use PromKit 
even if you're net a programmer. Just use PromKit to 
convert any disk into EPROM images for your Prom 
blaster! Copy system files, batch files, data files, or 
anything else you want. Use Proms for read-only, 
SRAMS for read-write! Includes seurce code in C. 
Over 180 pages, including disk, only $179. 


We'll include a free copy of the 
pocket-sized XT-AT Handbook by 
Choisser and Foster with each PromKit if you 
mention this ad when you order. Of course, this 
$9.95 value is also available by itself. Or buy five 


or more for only $5.00 each. 800-462-1042 


Annabooks 619-271-9526 in CA 
12145 Alta Carmel Ct Suite 250-262 
San Diego, California 92128 


| (—-) Money-back guarantee 


CIRCLE NO 774 


_TRANSMSION AINE PROBLEMS? 


Designing digital systems? With today's fast edges, chances are 
good you've got transmission-line problems. 
LineSim is anew tool a e Lela i design. 
It features: " 


LineSim shows you your signals when it makes the most sense: 
before you build boards. And it'll teach you more about how 
transmission lines work than a whole pile of dusty books. 


soaian tee. back $59 5 Requires IBM PC with EGA. 


P.O. Box 3578 Redmond, WA 98073-3578 (206) 869-2320 
CIRCLE NO 769 


ATTENTION 
FROM OVER 
139,000 
ENGINEERING 
SPECIFIERS? 


EDN PRODUCT 
MART 


CIRCLE NO 772 


SAVE SPACE WITH Q/PAC® COMPONENTS 

¢ Provide built-in capacitance 

e Eliminate decoupling capacitance 

¢ Gain 4-layer board quietness 
with 2-layer economy 

¢ Vertical or horizontal mounting 


Send for Rogers Q/PAC® 
Application Bulletin. 


Rogers Corp., 2400 S. Roosevelt St. 
Tempe, AZ 85282 602/967-0624 
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Professional 


8086 ROM Development 


with C_thru_ROM and ROM-DOS 


jE680 Universal 
Programmer 


6800/6809 


C thru ROM works with Microsoft C 
or Turbo-C to comprise a complete ROM 
development package: comprehensive de- 
bugger, remote debugging, startup code, 
ee full 80x86 locator, ROMable library, etc. 


C_thru_ROM, $495 


« Programs PROMs, EPROMs, EEPROMs, 
PALs, GALs, RALs, EPLs and PLDs 


¢ Stand-alone or computer controlled 
modes w/MS-DOS menu-driven software 

¢ JEDEC standard supported 

¢ Parallel and RS232C interface ports 

¢ Optional 40-pin MPU module available 

Listing of programmable devices and 

80-page catalog available upon request! 

JE680 Universal Programmer... $1799.95 

~ 1355 Shoreway Road, Belmont CA 94002 


Phone (415) 592-8097 
FAX (415) 592-2503 


ROM-DOS, a ROMable operating sys- 
tem, provides functionality of DOS 3.2 
less networking. Runs PC programs and 
: EXE files. Supports AUTOEXEC and 
“OE : ICROCOMPUTER MODULES for CONFIG.SYS. Uses only 29K ROM and 
dedicated contro! and monitoring. Interfaces _ little as 6K RAM. $6 each in quantity. 
for sensors, transducers, analog signals, ROM-DOS Developer's Kit, $495 
solenoids, relays, lamps, pumps, motors, 
__ keyboards, displays, !EEE-488, serial 1/0, 
floppy disks. Call for info and demo disk 


_— Corp; 1-800-221-6630 
AM WINTER | oijche in ccsve Datalight, 17505 - 68th Ave NE, Bothell WA, 98011 
347-742-8428 (206) 486-8086, fax (206) 486-0253 


800-742-6809 
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ELECTRONICS 


CIRCLE NO 778 
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WRITE OR CALL FOR SAMPLE Analog Circuit Simulation 
Low Cost Tempilabel’ Temperature Monitor. ——— 
Tempilabel’ “wowtos" 


(Ca ——— 


425,000 


ICs and Semiconductors 
at Your Fingertips 


Cahners CAPS is the newest component 
search and selection tool for electronic 
design engineers: 


38.C 43.C 49C 54C 


nteid NJ) USA 


8€ 0Ol-Vr ON 


101 110 F 120 130 F 
CENTERS TURN BLACK AT RATING SHOWN 


So Play 


ae — 

TEMPILABEL* 8MA-140/60 Q PULSE...| MENORY AVAILACLE A = 42K 

6o°c 66°C 71°C «(77°C «B2°C BBC 93°C (99°C i 0 

0 0 0 0 O 0 0 i. OLR cf IsSpice (c>? copyright Intusoft 1985,80 

140°F 150°F 160°F 170°F 180°F 190°F 200°F 210°F D fin adaptation of UC Berkeley SPICE 20.6 
for use on personal coaputers 


e PC-driven, CD-ROM-based How to put alow cost aeel| Rene 
e Includes unabridged temperature gauge 7 es 


manufacturers’ datasheets 


e Represents more than 400 
manufacturers worldwide 


Call toll-free: 1-800-245-6696 
Cc AH NE RS _ 275 Washington Street 
Newton, MA 02158-1630 
Telephone: 617-558-4960 
Computer Aided Facsimile: 617-969-6949 


Product Selection _ Telex: 940573 
CIRCLE NO 779 


NEW ZX-286/PCAT 
MB | SINGLE BOARD COMPUTER 


on everything. 


Label’s center spot turns black when surface to which 
itis affixed reaches specified temperature. Single- or 
multi-spot labels with pre-determined increment of 
ratings: 100°F (38°C) to 600°F (316°C). 1% accuracy 
guaranteed. 1 thru 8 ratings on each monitor with 
various increments. Self-adhesive, removable. 
TEMPIL DIVISION, Big Three Industries, Inc. 
2901 Hamilton Blvd., South Plainfield, NJ 07080 
Phone: (201) 757-8300 Telex: 138662 


CIRCLE NO 780 


Software 
to release 

) your 

creative 


M-991 generates precise 
tone, reorder tone, ringing, and other call 
routing tones for use in telephone systems, 
test equipment, callback security and other 
telecommunications systems. 


ELECTRONIC ENGINEERS CALL FOR 
YOUR FREE MAC & MSDOS CATALOG 


e AC/DC circuit analysis @ Logic simulation 


Featuring: -pi 
Pesta ae sanebily e Active & passive filter @ Root locus analysis = a rae _ 
ign & analysi Microstri | 
e AT and SBX connectors design & analysis e Microstrip design @ 3.58 MHz time base 


e 7 DMA channels 
e 16 vectored interrupts 
For a free, full-line catalog call 1-800-4MB-2DAY 
(In California call 1-415-828-3000) 


e Engineering graphics Thermal analysis 
@ Signal processing e@ Statistics/ More 


_ BY Engineering ec) 
= res. 4 Professional Software 

To order call toll free 1-800-229-0283 
6780 Sierra Court, Dublin, CA 94568 2023 Chicago Ave., Ste. B-13, Riverside, CA 92507 10801-120th Avenue NE, Kirkland, WA 98033 
CIRCLE NO 782 CIRCLE NO 783 CIRCLE NO 784 
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@ Combinations of all standard 
frequencies 


~Wisciekria 1-600-426-3926 


(In Washington State: 206-827-9626) 


TELTONE’ 


VIC 068 


Silicon 


At last... a real 
40 Mbyteec. 
data management 


system on one 
VME board. 


The SCSI-11 
from Radstone. 


Face it. Your real system problem is fast 
data access and transfer. Now there’s a 
board that eliminates bottlenecks in those 
areas to let your VME system deliver 
peak performance. 


iiexexeniers create a 
single board that operates at the 
maxium data rate of all involved system 
and I/O busses...simultaneously! 


Uteteney Radstone’s “Freeflow Architecture” SCSI 

board that let's you use up to four different busses—SCSI, VME, 
VSB and our APEX auxiliary bus. This gives you an I/O processor 
that not only supports SCSI, but dual SCSI, Ethernet, IEEE 488, 
floppy, parallel 1/O and just about anything else your system 
might need. 


The Ultimate SCSI Package 

Only Radstone’s SCSI-11 offers you: 

e The fastest sustained transfer rate available— 40 Mbytes/sec. 
across the VMEbus 

e The first controller board in the industry with the VIC 068 
VMEbus Interface Chip 

e Sustained 5 Mbyte/sec. transfer rate across the SCSI bus 

e A full master/slave VSB interface with its own sustained 30 
Mbytes/sec. DMA transfer rate 

¢ 68020 Microprocessor 

e 1 Mbyte Quad-ported DRAM 

e APEX (Advanced Processor EXtension bus) to add the 
functionality you want—Ethernet, second SCSI, IEEE 488, 
floppy, parallel I/O...or your own. 


Commercial through Mil-Spec 

Radstone offers an entire family of SCSI interface boards for 
applications from commercial through full Mil-Spec. Plus the 
industry's best selection of commercial, ruggedized and military 
VME processor, memory, communications, I/O and controller 
boards, development systems and software. Radstone has your 
VME system solution now. Call us for the details. 


UK Water Lane, Towcester, Northants, NN12 7JN, (0327) 50312 

USA 20 Craig Road, Montvale, NJ 07645-1737, (201) 391-2700 

France ‘Miniparc, 6 avenue des Andes, 91940 Les Ulis, (1) 64.46.04.03 
Germany Bahnhofstrafe 38, D-6090 Riisselsheim (061 42) 6 8004 


See us at Buscon West ’90 Booth #419 
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PROFESSIONAL ISSUES 


They’ve been called personnel con- 
sultants, executive recruiters, and 
headhunters. They’ve also been 
called a variety of unprintable 
names. Depending on your point of 
view, they’re either the people who 
help professionals advance their ca- 
reers through judicious job changes 
or the people who raid companies 
and steal some of their best talent. 
Almost no one feels neutral about 
them. 

Headhunters work differently 
than ordinary employment counsel- 
ors. Employment counselors start 
with people who are looking for 
work and try to find jobs for them. 


til 


EDN January 18, 1990 


Jay Fraser, Associate Editor 


Headhunters start with positions 
that are open and try to find quali- 
fied people to fill them. 


Theyre knowledgeable. 
They’rve professtonal. 
They’re looking for you. 


The client companies pay the 
headhunters’ fees. The standard fee 
is 10% of the candidate’s first-year 
salary, but that can go higher, espe- 
cially if the position is for a high- 
ranking corporate executive whose 
salary is in six figures. 


Headhunters acquired an unsa- 
vory reputation in the high-tech in- 
dustry during the late ’60s and early 
’70s. In those boom times new com- 
panies were being started every 
day and established firms were ex- 
panding rapidly. Qualified engi- 
neers were in short supply, and 
companies were willing to pay high 
prices to anyone who could bring 
them in. That situation attracted 
some people to the recruiting pro- 
fession who were much more inter- 
ested in fast money than in career 
guidance. 

Some shady operators were 
known to run want ads for jobs that 
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Jim Lambrenos 


didn’t exist so they could build up 
a stock of resumes. Others would 
get a company telephone book and 
cold call all the engineers in it, try- 
ing to lure them away. Some head- 
hunters didn’t interview candidates 
or check references. They just sent 
dozens of semiqualified people to 
companies, hoping a few would be 
hired. 

“Probably the thing that upset 
client companies the most was re- 
cruiting firms that were placing a 
candidate with a company, collect- 
ing the fee, then three or four 
months later taking that person out 
and moving him to another com- 
pany,” says Bob Read, who owns 
and operates a franchise of Manage- 
ment Recruiters in Redwood City, 
CA. “You’ve only got to do that a 
couple of times to lose all credibility 
with a client.” 

In 1969, Read, who has a degree 
in civil engineering from Iowa State 
University, went to a recruitment 
firm in San Francisco hoping it 
could find a position for him. He 
ended up going to work for it. “It’s 
now 20 years later, and I’m still 
looking for the right position,” he 
says with a smile. At one time he 
was the manager of eight recruit- 
ment offices in the Bay Area, and 
he has seen the profession change 
dramatically over the last two dec- 
ades. 


Early years of headhunting 


“For the first three or four years 
that I was in the industry people 
would ask me what I was doing, 
and I’d say, ‘Well...er...um 
...T’ma consultant or I’m this or 
I’m that’—anything but a head- 
hunter,” says Read. 

However, with the shake out in 
the high-tech industry in the late 
70s came a shake out in the ranks 
of the recruiters. Today’s headhunt- 
ers are much more professional and 
knowledgeable, and the word 
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“headhunter” has lost most of its 
unpleasant connotations. 

“We’ve cleaned up our image an 
awful lot in the last ten years,” 
Read adds. “Look at the people 
we're attracting to this industry 


” 


now. 


BPR ar ME i May a Se 


One of those people is the former 
president of the American branch 
of Acorn Computers, Harvey 
Lawner. He earned his BS in com- 
puter science at City College of 
New York and worked for Digital 
Equipment Corp, Data General, 
and Sony before taking over at 
Acorn. After he had been there 
three years, the parent company in 
Great Britain decided to close its 
American subsidiary. Lawner had 
to find another position. A friend 
suggested that he try recruiting. 
He did, and he was surprised by 
the demands of the job. 

“People think that what we do 
is simple, but it’s quite the con- 
trary. It’s probably the most diffi- 
cult thing that I’ve ever done,” says 
Lawner, who is now a senior part- 
ner at Logix, a recruiting firm in 
Waltham, MA. 


The job is demanding, Lawner 
continues, “because I’m dealing 
with people, and people are consis- 
tently inconsistent. I can show you 
how a workstation performs, and 
it'll do what it’s supposed to do, but 
I can’t control people. I can’t create 
chemistry between two people. I 
can’t make decisions for people. I’ve 


found this job to be a lot more 


strenuous and stressful than work- 
ing at Acorn Computers.” 


Special problems with engineers 


In addition to the difficulties a 
headhunter might run into trying 
to recruit any professional, engi- 
neers often present special prob- 
lems. Many engineers won’t change 
jobs simply for more money. They 
want to work on projects that in- 
volve the most advanced technology 
or offer the opportunity to develop 
new products. Understanding the 
importance of job satisfaction to en- 
gineers is one of the keys to being 
a successful high-tech recruiter. 

David Scardifield, president of 
Omnisearch Inc in San Mateo, CA, 
is specially qualified to recruit engi- 
neers. He has a bachelor’s degree 
in electrical engineering from Read- 
ing Technical College in Reading, 
England, and he has held various 
management positions in companies 
such as Honeywell and Telex Com- 


‘puter Products. He often dealt with 


headhunters when he was trying to 
find engineers. 

“A lot of times when I was look- 
ing for field engineers I had a diffi- 
cult time finding a recruiter who re- 
ally understood what they were,” 
he says. “They would send me de- 
sign engineers or they would send 
me bench technicians. I began to 
see there was a market niche there 
for a recruiting company.” 

Tired of working for large corpo- 
rations, Scardifield wanted to strike 
out on his own. “I looked at what 
kinds of things I might do where 
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the fruits or failure would be right 
at my own doorstep. I enjoyed the 
people side of technical manage- 
ment, and it looked to me like there 
was an opportunity to do headhunt- 
ing in a little bit different way. 

“I worked for a recruiter for a 
year to learn the business, then 
started my own company, specifi- 
cally to find field engineers and en- 
gineering managers,” he continues. 
“T did it for about a year, and I was 
quite successful at it. Then the com- 
panies I was doing that for began 
to ask me to find other kinds of peo- 
ple, and that’s how I got into the 
rest of the business.” 


The new breed 


Not all headhunters are engi- 
neers, of course, but Read, Lawner, 
and Scardifield exemplify the new 
breed. Their educational _back- 
grounds and their firsthand know]- 


edge of the high-tech industry have 
helped them immeasurably in their 
careers as recruiters. They speak 
the same language as the people 
they deal with, so they can tell pre- 
cisely what an employer or a candi- 
date is looking for. They can also 


tell if someone is stretching the 


truth on a resume. A good head- 
hunter can save everyone time and 


money. 
As the high-tech industry 
changed, the headhunter’s job 


changed with it. It’s no longer 
enough to simply find viable candi- 
dates and arrange interviews. As 
Read says, “Recruiters have had to 
become much more sophisticated 
and concerned with the service as- 
pects of this business.” 

The service aspects may include 
giving candidates advice on how to 
write their resumes, how to present 
themselves to their prospective em- 


eadhunter ee 


‘Listen carefully. It 


ee m right ~ you, you’ 
_ formation about the ¢ 
_ ketplace. In additior 
headhunter know w 


terested in may lead to 0 a bet <a _— | 
ed National Association of Per- 
sonnel Consultants errand 


offer in the future. 
_ Check on the headhunter’s Ss 
- reputation. 


e Ask your ae and col- 
leagues about the reeruit- _. 
ey’) s complaints against their 
ever had dealings with it. _ : 

- @ Call the state labor office or 
the Better Business Bureau : 
- where the recruitment firm ~ 
is s located and find out if any 
@ been eae 


ment firm and if the 


she belnaes to any of the 


ployers, and how best to leave their 
present jobs. 

Sometimes after employees an- 
nounce they’re leaving, their com- 
panies will make a counteroffer. It 
might be a raise, a bonus, a promo- 
tion, incentives to go to school, even 
tenure. If the employees aren’t pre- 
pared for a counteroffer, it might 
catch them off balance. 

“T usually cover those things dur- 
ing the recruiting process,” Scardi- 
field says, “so the candidate has al- 
ready thought it through. 

“Counteroffers aren’t usually ef- 
fective,” he adds, “because why 
didn’t the company make that offer 
to the person without having to be 
pushed to it. Most people see that.” 


Other advantages for clients 
Experienced recruiters can pro- 

vide another advantage to both cli- 

ent companies and candidates— 


- national organizations— the | a 


National Association of 


Corporate and Professional crt it 


Recruiters (Louisville, 


KY), the Association of Ex- _ be /_. 


ecutive Search Consultants 
(Greenwich, CT), or the 


7 ethical ee for the 
profession and deal with 


- members. 
“Insist on confidentiality. If : 
oe give your resume to a ha : 


hunter, you have a right to know 
where he or she is going tocend _ 


it. Recruiters have been known — 


to mail out resumes to dozens, 


headhunter if he ¢ or 
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their network of contacts. If a head- 
hunter has placed people success- 
fully they will refer others to him 
or her. After being in the business 
for years some recruiters no longer 
have to make cold calls or run news- 
paper ads to find qualified candi- 
dates. The candidates come to 
them. 

Dealing with an established re- 
cruiting firm has one more advan- 
tage for a candidate. Because the 
firm is going to be around for a long 
time there shouldn’t be any pres- 
sure on someone to take a job he 
or she isn’t really suited for. 

The image of headhunters has 
also been improved by the growth 
of professional organizations, which 
set ethical standards for their mem- 
bers. The three major national or- 
ganizations are the National Asso- 
ciation of Corporate and Profes- 
sional Recruiters, the Association of 


0.1 Hz to 500 MHz 


1,239,580 standard filter 
types 0 Miniature and 
subminiature sizes O 
Passive and active 
types 0 Telemetry 
filters O Gaussian, 
Butterworth, Cheby- 
shev designs © Call 
or write for free 
catalog today. 


TTE 


Sec 


11652 W. Olympic Blvd. “ 
Los Angeles, CA 90064 
(213) 478-8224 


CIRCLE NO. 25 


1,239,580 
Filters 


Lowest prices in America 
on small quantities 
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Executive Search Consultants, and, 
by far the largest with more than 
2300 member firms, the National 
Association of Personnel Consult- 
ants (NAPC). 

Read is a past president of the 
California Association of the NAPC 
and now serves on the national 
board of directors. In his home state 
he has been active in promoting leg- 
islation, such as the licensing of ca- 
reer counselors, that he believes 
has benefited both candidates and 
client companies. 

“There are probably more candi- 
dates who got caught in the prob- 
lems than companies,” says Read. 
“Candidates would put their faith 
in a recruiter and be told informa- 
tion that wasn’t true. It would take 
them down the wrong path. You 
can’t legislate morality, but you can 
set up a system that clients and can- 
didates can go to and find consis- 


tency as to what can be expected 
from our members.” 

High-tech recruiting is relatively 
young, but it has already passed 
through its childhood and its bois- 
terous, rowdy adolescence. It has 
now entered its adulthood. As the 
industry matured most of the fly- 
by-night operators departed and 
the new breed of headhunters 
emerged. Lawner sums up in simple 
terms why they have been success- 
ful. “You have to understand what 
you're doing, like any other busi- 
ness. I think understanding your 
trade, understanding the service 
you provide, and providing that 
service to its completion is really 
what it’s all about.” EDN 
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HY CAL DESIGN INC. 


Now you can 
have a... 


Fyee 
PFOLOLY PS 


Boara 


HI-CAL DESIGN announces a 
new concept in design services. 


Now you can receive a prototype 
board with every design we do 
for you. No waiting...no fuss! 


We also specialize in direct 
HPGL Photoplotting. 


H HI-CAL DESIGN INC. 
1324 Buffalo Road ¢ Rochester, NY 14624 


(716) 235-3350 © 800-722-2763 


CIRCLE NO. 26 


End the connector 


compromise... 


3, MIL-C-28748A RELIABILITY 


...1n electronic 
power 
supplies 


Only Hypertronics ends the compromise in power 
supply connectors for backplane subassemblies— 
in military, computer and other electronic systems— 
by combining Low Insertion Force (LIF) power, 
signal and MIL spec reliability in a single rack & 
panel connector. 

Our modular design gangs power contacts, 
rated from 15 to 200 amps, with low-insertion-force 
signal contacts. Combine these design alternatives 
with high current/small size performance of the 
Hypertac® contact—for unique cost and space 
efficiency. | 

And now our L Series connectors have been 
proven to MIL-C-28748A performance standards. 

Now you can have it all...in rack & panel 


connectors for power and signal applications 
ranging from power supply to portable disc drives. 
End the connector compromise by calling 
1-800-225-9228, toll free. 


HYPERTAC®: 
Inserting pin into hyperboloid sleeve. 


HYPERTRONICS CORPORATION 


46 Brent Drive, Hudson, MA 01749 (508) 568-0451 FAX (508) 568-0680 
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CIRCLE NO. 126 231 


CAREER OPPORTUNITIES 


1990 Recruitment Editorial Calendar 


Issue Ad 
Issue Date Deadline Editorial Emphasis 
Magazine Beb,..15 Jan. 25 Digital ICs, Computer Systems, Interconnect Technology, Sensors 
Edition 
News Feb. 22 Feb. 2 CAE/Hardware, Telecom, Regional Profile: No. California 
Edition 
Magazine Mar. 1 Feb. 8 Computer-Aided Engineering/ASICs, Computers & Peripherals, Digital 
Edition ICs/Microprocessors, Semicustom ICs 
News Mar. 8 Feb. 15 Analog/ICs, Automotive Electronics, Special Supplement: RISC/ Microprocessors 
Edition 
Magazine Mar. 15 Feb. 22 Analog ICs, Components, Engineering Software, Special Design Project #1 
Edition 
News Mar. 22 Mar. 2 Optoelectronics, Peripherals, Regional Profile: New York, Pennsylvania & Connecticut 
Edition 
Magazine Mar. 29 Mar. 8 Software Special Issue—Interface ICs, Software/ Programming/Microprocessors/ASICs, 
Edition April Fools Section, Special Design Project #2 
News Apr. 5 Mar. 16 IC/Logic ICs, Distribution, Special Supplement: Distribution 
Edition 
Magazine Apr. 12 Mar. 22 Communications Special Issue—Communication ICs, Communication Systems, 
Edition Microprocessors, Special Design Project #3 
News Apr. 19 Mar. 30 ICs/Graphics Controllers/ Microprocessors, Industrial Automation, Regional Profile: 
Edition So. California 
Magazine Apr. 26 Apr. 5 Computer Boards/ Microprocessors, Power Sources, Sensors/Transducers, Special 
Edition Design Project #4, Electro Show Issue 
News May 3 Apr. 12 CAE/Board Layout, Education, Special Supplement: ASICs, Electro Show Issue 
Edition 
Magazine May 10 Apr. 19 Analogy Technology Special Issue—Analog ICs, Analog Instruments, Digital ICs/ 
Edition Microprocessors/ASICs, Special Design Project #5 
News May 17 Apr. 27 | ICs/Memory ICs, Test & Measurement, Regional Profile: Massachusetts & New 
Edition Hampshire 
Magazine May 24 May 3 Microprocessors, Computers & Peripherals, Semicustom ICs/ASICs, Components, 
Edition Sensors & Transducers 
Magazine June 7 May 17 Software, Design Tools, Microprocessor I/O Chips, »P Support Chip Directory 
Edition 
News June 14 May 24 Peripherals/Input Devices, Software, Special Supplement: EDA 
Edition 
Magazine June 21 May 31 Computer-Aided Engineering, Computers & Peripherals, Power Semiconductors, 
Edition Semicustom ICs/ASICs 
News June 28 June 8 ICs/RISC/Microprocessors, Image Processing, Regional Profile: Oregon & Washington 
Edition . 
Magazine July 5 June 14 Product Showcase—Volume I: Hardware & Interconnect, Power Sources, ICs & 
Edition Semiconductors, Software 
News July 12 June 21 Analog/Communication ICs, ASICs, Special Supplement: Automotive Electronics, 
Edition Regional Profile: Washington, DC. 
Magazine July 19 June 28 Product Showcase—Volume II: CAE/ASICs, Computers & Peripherals, Components, 
Edition ‘Test & Measurement 
Magazine Aug. 2 July 12 Digital ICs/ Microprocessors, Computer-Aided Engineering, Computers & Peripherals, 
Edition Test & Measurement, Technical Article Database 
News Aug. 9 July 20 CAE/Software, Aerospace, Special Supplement: Defense 
Edition 
Magazine Aug. 20 July 30 Military Special Issue, Vision/Image Systems, ICs & Semiconductors, Memory 
Edition ‘Technology, Software 
News Aug. 23 Aug. 3 Electromechanical, Opportunities in Non-EOEM, Regional Profile: New Mexico, Arizona 
Edition 


Call today for information: 
East Coast: Janet O. Penn (201) 228-8610 
National: Roberta Renard (201) 228-8602 


232 EDN January 18, 1990 


ieee 
iti 


ES: 


cs 


So 


of 


r: 
. 


fy 


is 
Boe 


ie 


nae 


Be 


R08 
Pe 


qo 
ae 


: 


BO i. Be 
a a = 
is oR 


Pa 


ea 


moa 


a 
ss 


ue 


o 


& 
“s 
ome 

est 


er 


Hii 
ey 
: 


— 


o 
% 


% “kt 


oe : 
ost gor 
oe “i 


5 meee : ae % : ; Bh 
pkg 


ENGINEERING 
CAREER OPPORTUNITIES Knock, 


Knock. 


Join an expanding High Tech R&D/Product Engineering firm specializing in State- 
of-the-Art microprocessor based designs. We encourage employee initiative and crea- 
tivity and offer opportunities for continued development of analytical and technical 


ability. 
en In EDN's 
MANUFACTURING ENGINEER/ELECTRONICS, SMT Magazine 
Looking for the right person to help us develop our fledging production facility. and N EWS 
Requires: BS/BSEE degree & 6+ years experience. EF diti ons 
e 2 years supervisory experience in general electronics assembly and testing ) : 
techniques, including hand soldering, wire-wrapping, cable and mechanical " 
assemblies, automatic pick & place machinery, IR reflow, and solder paste opportunity 
screening. knocks all 
e Knowledge of industry standards for component qualification, quality P 
assurance, and testing. the time. 
ANALOG DESIGN ENGINEER 


Requires BS/BSEE and 5+ years experience in analog design. 
e Semi-custom Analog Chip Design 
e PSPICE Simulation 
¢ DC to 50 MHz Analog Design 


COMPUTER SCIENCE/SW ENGINEER 


Requires BS/BSEE/CS and 2+ years epxerience. 
e OS/2 and Presentations Manager 
e Intel Microprocessors 


Qualified candidates should forward a resume with salary history to: 


Annapolis Micro Systems, Inc. 


190 Admiral Cochrane Drive 
Annapolis, MD 21401 


(301) 841-2514 


Magazine 
FAX: (301) 841-2518 EDN: 
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COMMUNICATIONS PROFESSIONALS 


I! Morrow Inc., a wholly owned subsidiary of United Parcel Service, is a leading manufacturer of quality Navigation and Com- 
munication Systems. Dramatic growth in R&D since becoming the technological arm of UPS in 1987, has enabled us to continue 
developing new applications that promise to significantly impact the small package delivery industry. We're seeking Communi- 
cations Engineering Professionals to join our dynamic R&D Communications Group in designing and developing an advanced 
data modem with application to narrowband mobile radio. 


RF ENGINEERS 


Requires communication experience in successfully bring- 
ing a product to market in a commercial environment. 


COMMUNICATION SYSTEMS ENGINEERS 


Commercial radio communication background required. 


SOFTWARE ENGINEERS 
Requires a BSCS/BSEE/BS in closely related field. Must 
have a background in application software for mobile 
digital product application, and Assembler and PASCAL 
experience. 


MOBILE COMMUNICATIONS ENGINEER 


Functional areas of responsibility will include the design 
of modem hardware (digital, analog, hybrid), generation 
and implementation of signal processing algorithms in 
DSP, simulation of digital communication systems. 
Requires an MSEE with 4 years of relevant experience in 
the mobile industry. (Position #71) 


SENIOR COMMUNICATIONS 
ENGINEER 


You will be responsible for conducting trade-off studies in syn- 
chronization, analyzing interference problems, filter design, com- 
plex simulation for performance prediction in fading channels 
and hardware implementation of various subsystems. Requires 
a PhD in Communications and 5 years of experience or an MSEE 
with 8 years in the communications/mobile communications in- 
dustry. (Position #72) 


RF TECHNICIANS 


You will develop state-of-the-art radio products for mobile com- 
munication and signaling systems. RF background required. 


FIELD SERVICE TECHNICIANS 


You will direct technical support, installation and training for UPS 
users of Il Morrow digital communication systems. FCC License 
and/or Naber certification required. Requires travel. 


Located one hour south of Portland, Oregon in the spectacular Pacific Northwest, you'll enjoy a quality of life that includes a 
relatively low cost of living, year-round outdoor activities and excellent schooling. We offer an excellent compensation package 
and significant growth potential. Send your resume in confidence to: Il Morrow Inc., Recruiting Dept., (Position name or 
number), P.O. Box 13549, Salem, OR 97309. PRINCIPALS ONLY PLEASE. An Equal Opportunity Employer. 


SE 


TECHNICAL WRITERS 
NATIONAL OPENINGS 


TO $55,000 
COMMERCIAL WRITERS 


Opportunities exist for Hardware and Software Writers exp’d 
writing user, application, program, operating system, maintenance, 
or installation documentation for any of the following; 


Mainframes UNIX LAN 
Compilers ‘C’ SNA, X.25 
Workstations VAX Telephony 
PC’s Databases CAD 


MILITARY/GOVERNMENT WRITERS 


ENGINEERING WRITERS exp’d writing manuals, test pro- 
cedures, or component documents for elec warfare or com- 
munication systems. 


Writers/Trainers to write manuals, develop courseware, and in- 
struct classes on military systems. 

Software Writers exp’d writing sw development docs., applica- 
tion manuals, etc. 


Call Michael Dunn (collect) at (215) 667-7700 or send resume to 


SUITE 402 
150 MONUMENT ROAD 
BALA CYNWYD, PA 19004 


All positions are DIRECT CAREER OPPORTUNITIES with all 
fees and interviewing expenses paid by client companies 
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INC. 


A UNITED PARCEL SERVICE COMPANY 


Microcircuit 
Engineers 


Will serve as the resident microcircuit expert to 
support the NASA Standard Parts Program. 
Responsibilities will include the development of 
evaluation reports and making presentations on 
microcircuits and related devices to NASA 
representatives. Requires a BS degree in electrical 
engineering or physical science with at least six 
years related experience. Must have solid 
knowledge of process problems in active devices, 
manufacturing process controls, screening 
methods, SPC, failure mechanisms and solid state 
physics. Individuals who have had experience with 
JEDEC and/or DESC and have some knowledge of 
military specifications are preferred. Writing skills 
and the ability to make platform presentations are 
of particular importance. 


All prior Unisys employees with appropriate skills 
are encouraged to apply. 


Unisys offers competitive salaries and comprehen- 
sive benefits. For immediate consideration, please 
send your resume to: Unisys, Goddard Space 
Flight Center, Code 310.1, Dept EDN 1/18, 
Greenbelt, MD 20771. An affirmative action 
employer, committed to work force diversity. 


UNISYS 
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Be Famous In 
Real Time 


We are! Ready Systems is the leading 
developer and worldwide vendor in 
software development tools for the 
fast-growing real-time embedded 
microprocessor systems market. Our 
large customer list continues to grow 
as we provide embedded system 
software designers with an integrated 
and comprehensive development 
environment. Our tools span the major 
phases of software development from 
CASE to simulation to compilation and 
debug through to real-time operating 
systems. 


If your professional background in- 
cludes microprocessors and real-time 
applications, consider these opportuni- 
ties. 


gw Product Marketing Managers 
= Software Development 
m Applications Engineers 


For immediate consideration, please 
send your resume to: Ready Systems, 
Professional Staffing, Dept. EDN, 470 
Potrero Avenue, Sunnyvale, CA 94086. 
EOE/AA. 


© READY 
SYSTEMS 


Real-Time Challenge 
For The Real World. 


| Databank. What is the Databank? It 
| is a computerized system of match- 


| are the advantages of this new 
| service? 


Professional Profile 


Announcing a new placement service 
for professional engineers! 


To help you advance your career. 


e Your identity is protected. 
Placement Services, Ltd. has 


Your resume is carefully 
screened to be sure it will not 
be sent to your company or 
parent organization. 


e Your background and career 
objectives will periodically be 
reviewed with you by a PSL 
professional placement person. 

We hope you're happy in your cur- 
rent position. At the same time. 
chances are there is an ideal job 
you'd prefer if you knew about it. 


formed the EDN Career News 


ing qualified candidates with posi- 
tions that meet the applicant's pro- 
fessional needs and desires. What 


e It's absolutely free. There are 
no fees or charges. 

e The computer never forgets. 
When your type of job comes That's why it makes sense for you 
up. it remembers you're to register with the EDN Career 
qualified. News Databank. To do so. just mail 

© Service is nationwide. You'll the completed form below, along 
be considered for openings with a copy of your resume, to: 
across the U.S. by PSL and its Placement Services, Ltd.. Inc. 
affiliated offices. 


| IDENTITY 


Name 
Home Address 


City State. Zip 


Home Phone (include area code) 


PRESENT OR MOST RECENT 
EMPLOYER 


Parent Company 

Your division or subsidiary 
Location (City, State) 
Business Phone if O.K. to use 


EDUCATION 


Degrees (List)| Major Field 


POSITION DESIRED 


EXPERIENCE 
Present or Most 
Recent Position From To Title 


Duties and Accomplishments Industry of Current Employer 


Reason for Change 


PREVIOUS POSITION 


Job Title _ 
Employer roti... 16 City 

State _._ COS iviSion ___ SCS ype of Itndusstry _ 
Salary _.__—S——SC Duties and Accomplishemnts: _ 


COMPENSATION /PERSONAL 
INFORMATION ‘* (optional) 


Years Experience ae 


Total 
Bonus Compensation __ 


Min. ; 
Compensation Date Available 


Commission 
Askin , 
Compensation 


O lown my home. How long? 


lrent my home/ apt.0 
O Employed O Self-Employed (© Unemployed 
O) Married’ () Single 


Height Weight 
Level of Security Clearance | Will Travel 


O US. Citizen 0 Non-US. Citizen | 0 Light O Moderate LiHeavy 


LJ WILL RELOCATE CJ WILL NOT RELOCATE () OTHER 


My identity may be released to: © Any employer 
C1) All but present employer 


EIDIN| Databank * DYSON OF 


265 S. Main Street, Akron, OH 44308 216/762-0279 


LTD., INC. 


PLACEMENT SERVICES 
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LOOKING AHEAD 


EDITED BY JAY FRASER 


EDN’s editors 
predict how 
your job will 
change in the 
coming decade. 


Engineering in the 1990s 


In the 1990s your job and your responsi- 
bilities as an engineer or engineering 
manager will expand dramatically. The 
days will soon be gone when you simply 
hand a design to the people in manufac- 
turing and let them take it from there. 
In the years ahead you'll be much more 
involved in financial and manufacturing 
decisions. You'll follow your designs 
through the entire manufacturing proc- 
ess and into field service. You'll even 
be dealing with the customer-relations 
department and sometimes with the cus- 
tomers themselves. 

Your new cradle-to-grave responsibil- 
ity for your designs will help you in your 
work. Today few engineers know, or are 
told, the overall implications of what 
they do and how they affect their com- 
pany’s profitability. In the next decade, 
you'll learn firsthand the effects of your 
decisions on a product’s life cycle, and 
you'll use that knowledge to improve fu- 
ture designs. 


Because it will be practically impossi- 
ble for them to undercut their Asian ri- 
vals on price, US companies will place 
new emphasis on service. You'll be 
meeting customers to explain the subtle- 
ties of your designs, how you ensure 
quality control, and what you do to pro- 
duce a reliable product. This change in 
your responsibilities means you'll have 
to polish your interpersonal skills. 

One vision of the decade ahead con- 
jures up a nightmare in which engineers 
are chained to their workstations and 
confined to very small areas of speciali- 
zation. We believe this scenario is ri- 
diculous. You'll probably have to be- 
come familiar with a larger number of 
computer systems and software pack- 
ages, but the storage, modeling, analy- 
sis, and communications capabilities of 
your workstation will let you take on 
larger and larger projects at higher and 
higher levels of abstraction. Instead of 
narrowing, your horizons will broaden. 

Workstations will become much more 
sophisticated in the 1990s. For example, 
instead of telling you only whether a 
design will work or not, your new CAE 
and electronic design automation (EDA) 
tools will give you much more detailed 
information on how to change your de- 
signs to better meet your projects’ 
goals. You'll be freed from repetitive, 
time-consuming tasks and have more 
time for creative thinking and experi- 
mentation. CAE and EDA are going to 
reverse Thomas Edison’s rule: Engi- 
neering will become 90% inspiration and 
10% perspiration. 

However, no matter how sophisti- 
cated computers become, they will 
never be able to replace that old 
standby—the prototype. It’s just not 
worthwhile to develop computer pro- 
grams that can simulate the operation 
of complete and complex systems. You’ll 
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...1HE BEST 
IN THE WEST 


BUSCON ’'90 West promises to be the most 
comprehensive industry event on the west coast in 
1990. All elements of board and system level 
technology from virtually every leading vendor in 
the industry will be on display along with the 
technical personnel to show you how It all works. 


And the updated BUSCON West seminar program 
offers insight into the latest trends and technical 
developments presented by the people who are 
making it all happen. Be part of it, Mark your calendar 
now for BUSCON ’'90 West, February 13 -16, 1990, 
Long Beach Convention Center, Long Beach, CA. 


Fla A eee ee eee eels | 
- LO] Yes, | want more information about attending BUSCON ’90 West ——— - 
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- Address - 
BH City State Zip . 
- Phone - 
— Send to: Conference Management Corporation . 
A 200 Connecticut Avenue, Norwalk, CT 06856-4990 EDNo11890 ff 
a Telephone: (203) 852-0500, Fax: (203) 838-3710 BW19 & 
TTT? t ttttrttrirtrtitrtrtitrttttittrtttrtrtrtttite 


238 CIRCLE NO. 127 EDN January 18, 1990 


LOOKING AHEAD 


still be getting your hands on real hard- 
ware. 

Engineering will continue to require 
a mixture of hardware and software 
skills. Although software seems to domi- 
nate many of today’s projects and prod- 
ucts, in the next decade there will be a 
definite movement back to hardware de- 
sign. In many designs it’s already easier 
to change the hardware than the soft- 
ware. 

Hardware design will change, too. 
Manufacturing processes will incorpo- 
rate new techniques and methods, and 
you'll be called upon to improve the reli- 
ability of your designs. To do that you'll 
have to become even more involved with 
reliability engineering and failure analy- 
Sis. 

Soon computer-aided software-engi- 
neering tools will progress beyond their 
current disjointed state, and software 
engineers will become more like systems 
designers. You'll be working on “ab- 
stract” problems the way IC engineers 
now work with block diagrams and 
equations instead of the actual transis- 
tors and physical layouts on silicon 
chips. You’ll be defining problems in 
conceptual terms rather than plotting 
instruction-by-instruction design strate- 
gies. The use of object-oriented pro- 
grams and object-oriented languages 
such as C+ + will change the way you 
think about programs and how you solve 
software problems. 

Computer-aided software engineering 
will have an impact on the software en- 
gineer’s job similar to the impact CAE 
has already had on the hardware engi- 
neer’s. Software engineers will function 
in the same way systems design integra- 
tors do now. They’ll start with defini- 
tions of “software requirements” and 
broad goals. 

If you’re an analog engineer, your job 
will also change. You'll find yourself 
working more as a device engineer does, 
building and analyzing ultrafast ICs. 
The use of simulation will grow, but 
you'll continue to test your designs 
through experimentation. As far as we 
can see, device models will never be ac- 
curate enough to do away with it. 
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Unfortunately, the ranks of analog en- 
gineers will shrink; they are already re- 
tiring faster than they are being re- 
placed. Digital engineers will have to 
try to solve some analog problems—a 
situation that seldom delights digital en- 
gineers. 3 

In the 1990s, your job as an engineer 
or engineering manager will be much 
broader and will require a broader vi- 
sion. You'll have to be able to see be- 
yond components and circuits, beyond 
systems and networks. You'll have to 
be able to see the entire life cycle of 
what you design; how it will be manufac- 
tured, marketed, and serviced; and how 
it will affect people’s lives. 

Engineers who can’t develop this vi- 
sion will be relegated to support func- 
tions. They'll use design tools, but 
they’ll only implement other people’s de- 
signs. The engineers who will be suc- 
cessful in the next decade will be those 
who use their engineering training as a 
key to unlock their creativity. EDIN 
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As IR HEXFETs*” hold their lead in power in the industry. In AOQLs you can take right past 

MOSFETs, our competitors become bolder and incoming inspection to your production line. 
older in attempting to duplicate our success. And in our Generation II] HEXFET process 

They’re using our partnumbers. Andinsome _ that’s optimizing cell density and providing 
cases, they've even put “IR” in front of them. unparalleled performance per square inch. 
They've thought of everything. Except performance, The bottom line: If you're buying 
ruggedness and reliability. FETs, make sure they're IR, as in 

The numbers in the charts tell the story. You'll International Rectifier. Or you 
find them in our guaranteed avalanche ratings. Our just might get a signed and 


quarterly reliability reports, the most comprehensive numbered copy. 
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Jparray: 


BECAUSE STATE-OF-THE-ART 
IS A STATE OF CHANGE 


PROGRAMMING TECHNOLOGY THAT 
SUPPORTS ADVANCED DESIGNS— 
TODAY AND TOMORROW. The 
UniSite™’s universal programming 
technology is the fastest and easiest 
way to keep up with new devices 
and packages: Its software-config- 
ured pin driver system provides a 
single site for programming any DIP 
device up to 48 pins, including PLDs, 
PROMs, IFLs, FPLAs, EPROMs, 
EEPROMs and microcontrollers. 
The optional ChipSite™ module 
supports logic, memory and micro- 
controllers in the most popular: 
surface-mount packages—PLCCs, 
LCCs and SOICs. Or add SetSite™ 
to gang program up to eight 40-pin 
EPROMs, or set program a single file 
Into multiple EPROMs. 


INSTANT ACCESS TO NEW DEVICES. 
The UniSite's device algorithms and 
system software are stored on 312" 


micro diskettes, which are update 
several times per year. To update 
the UniSite, simply load new master 
diskettes. 


FAST, EASY PROGRAMMING. Menu- 
driven operation with step-by-step 
prompts makes programming simple. 
For added convenience, you can 
operate the UniSite from an ASCII ter- 
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minal or from a PC using the provided 
terminal emulator. On-screen help 
messages are available throughout 
operation. 

To speed parts selection, the 
UniSite provides a built-in list of 
devices by manufacturer name and 
number. You can also save your most 
frequently used programming param- 
eters and jobs for instant recall. 


DESIGN FREEDOM FOR TOMORROW. 
When leading-edge designers need 
to use the latest devices, they need 
the programming freedom only the 
UniSite provides. Call Data |/O® today, 
and ask about the UniSite. Because 
State-of-the-art never stops changing. 


-800-247-5700 
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